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(57)Abstract: 

PROBLEM TO BE SOLVED: To make a video camera and a digital 
camera drastically thinner by using a zooming system which has a 
smaller number of lens pieces, can be easily made smaller and simpler tV j^, 

and has high image formation performance. 

SOLUTION: A zoom lens consists of a negative first group G1. an 
aperture diaphragm S, a positive second group G2, and a positive third 0$V} 
group G3. In performing power variation from a wide angle end to a 
telephoto end, the second group G2 is moved only to an object side, 
and the third group G3 is moved while changing its interval with the 
second group G2. The second group G2 consists of a positive lens, a 
negative lens, a positive lens and a negative lens. At least either a 
positive lens or a negative lens of an image side in the second group G2 
has an aspheric surface, and satisfies a condition (1) concerning the 
ratio of a radius of curvature on the optical axis of the surface of the ( j 

object side of the positive lens of the object side of the second group 
G2 to that of the surface of an image side of the negative lens of the 
object side. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st lens group which has negative refractive power in order [ side / body ], and the 2nd lens group which has 
forward refractive power, Consist of the 3rd lens group which has forward refractive power, and the variable power from the 
wide angle edge at the time of an infinite distance object point focus to a tele edge is faced. Said 2nd lens group moves only 
to a body side, and it moves, said 3rd lens group changing spacing with the 2nd lens group. Said 2nd lens group Sequentially 
from a body side, it consists of a positive lens L21, a negative lens L22, a positive lens L23, and a negative lens L24. It is the 
zoom lens characterized by for which lens having the aspheric surface and satisfying the following conditions (1) of the 
positive lens L23 in said 2nd lens group, or a negative lens L24 at least. 

(1) 0.6<R22R/R21F <2.2 however R21F, and R22R It is the radius of curvature on the optical axis of the field by the side of 
the body of the positive lens L21 of the 2nd lens group, and the field by the side of the image of the negative lens L22 of the 
2nd lens group, respectively. 

[Claim 2] The claim 1 written zoom lens characterized by uniting with the electronic image sensor arranged on an image side. 

[Claim 3] In the zoom lens arranged on the image pick-up side side of an electronic image sensor said zoom lens The 1st 
lens group which has negative refractive power in order [ side / body ], and the 2nd lens group which has forward refractive 
power, Consist of the 3rd lens group which has forward refractive power, and the variable power from the wide angle edge at 
the time of an infinite distance object point focus to a tele edge is faced. Said 2nd lens group moves only to a body side, and 
it moves, said 3rd lens group changing spacing with the 2nd lens group. Said 2nd lens group Sequentially from a body side, it 
consists of a positive lens L21, a negative lens L22, a positive lens L23, and a negative lens L24. It is the zoom lens 
characterized by for which lens having the aspheric surface and satisfying the following conditions (2) of the positive lens 
L23 in said 2nd lens group, or a negative lens L24, (3), and (4) at least. 

(2) 0< (C24F-C23R) and L<1.6 (3) 0.01<d23 / L< 0.2 (4) It corrects -0.4<L/f2R<0.8. C23R =1/R23R, and C24F =1/R24F it is 
— here R23R and R24F, respectively The field by the side of the image of the positive lens L23 of the 2nd lens group, The 
radius of curvature on the optical axis of the field by the side of the body of the negative lens L24 of the 2nd lens group and 
L The diagonal length of the effective image pick-up field (abbreviation rectangle) of an image sensor (mm), Optical-axis 
absentminded mind spacing of the positive lens L23 of the 2nd lens group and a negative lens L24 and f2R of d23 are the 
synthetic focal distances of the positive lens L23 of the 2nd lens group, and a negative lens L24. 

[Claim 4] Electronic image pick-up equipment characterized by having the zoom lens of three given in any 1 term from claim 
1. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electronic image pick-up equipment or the zoom lenses which realized 
thin shape-ization of the depth direction by the device of optical-system parts, such as a zoom lens, especially, such as a 
video camera and a digital camera, about the electronic image pick-up equipment which has a zoom lens and it. Moreover, 
the zoom lens is related with the thing which made the rear focus become possible. 
[0002] 

[Description of the Prior Art] In recent years, the digital camera (electronic camera) has attracted attention as a next- 
generation camera which replaces 35mm film (common-name Leica version) camera of silver salt. Furthermore, it has many 
categories increasingly in the range where a business-use highly efficient type to a portable spread type is broad. 
[0003] In this invention, it is aiming at offering the technique of realizing a video camera with thin depth, and a digital camera, 
securing high definition especially paying attention to a category portable spread type, it is the greatest neck making the 
depth direction of a camera thin — optical system, especially a zoom lens system — it is thickness most from the field by 
the side of a body to an image pick-up side. Recently, it is in use to adopt the so-called collapsible mount type lens-barrel 
which pushes out optical system out of a camera body at the time of photography, and contains optical system in a camera 
body at the time of carrying. 

[0004] However, the thickness at the time of optical-system collapsing changes greatly with the lens types and filters to be 
used. Even if especially the so-called forward precedence mold zoom lens with which the lens group by the side of a body 
has forward refractive power most in order for a zoom ratio, an F value, etc. to set up a specification highly has large 
thickness and DEDDO tooth space of each lens element and they collapse it, thickness does not so much become thin 
(JP,1 1-258507 ,A). With a negative precedence mold, although especially the zoom lens of 2 thru/or 3 group configurations is 
advantageous in that respect, also when the lens by the side of a body is a positive lens most, even if there is much 
configuration number of sheets in a group, or the thickness of an element is large, or it collapses, it does not become thin 
(JP,1 1~52246,A). The image formation engine performance which was suitable for electronic image sensors while being known 
now, and includes a zoom ratio, a field angle, an F value, etc. is good, and although it has possibility that collapsing thickness 
can be made the thinnest, there are things, such as JP,1 1-287953A JP, 2000-267009 .A. and JP.2000-275520A as an 
example. 

[0005] Although it is good to make an entrance pupil location shallow for making the 1st group thin, for that purpose, the 
scale factor of the 2nd group will be made high. It increases [ it not only becomes difficult for the burden of one side, 
therefore the 2nd group to become large, and to make itself thin, but / effectiveness of the difficulty of aberration 
amendment or a manufacture error ] and is not desirable. Although what is necessary is just to make an image sensor small 
in order to carry out thin-shape-izing and a miniaturization, in order to consider as the same number of pixels, it is 
necessary to make a pixel pitch small, and the lack of sensibility must be covered by optical system. The effect of diffraction 
is also *+**. 

[0006] Moreover, in order to make it a camera body with thin depth, it is effective on the layout of a drive system to perform 
lens migration at the time of a focus not in a pre-group but in the so-called rear focus. Then, the need that the aberration 
fluctuation when carrying out a rear focus chooses little optical system comes out. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention is made in view of such a situation of the conventional technique. 
The purpose There is little configuration number of sheets and it is easy to make it simple by device layout top small, such 
as a rear focus method. The zoom method or zoom configuration which has the high image formation engine performance 
stabilized from the infinite distance to the short distance is chosen. Further It is making each lens element of a zoom lens 
thin, and attaining thorough thin shape-ization of a video camera or a digital camera also in consideration of selection of 
filters in making total thickness of each group thin ****. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the zoom lens of this invention The 1st 
lens group which has negative refractive power in order [ side / body ], and the 2nd lens group which has forward refractive 
power, Consist of the 3rd lens group which has forward refractive power, and the variable power from the wide angle edge at 
the time of an infinite distance object point focus to a tele edge is faced. Said 2nd lens group moves only to a body side, and 
it moves, said 3rd lens group changing spacing with the 2nd lens group. Said 2nd lens group Sequentially from a body side, it 
consists of a positive lens L21, a negative lens L22, a positive lens L23, and a negative lens L24. It is characterized by for 
which lens having the aspheric surface and satisfying the following conditions (1) of the positive lens L23 in said 2nd lens 
group, or a negative lens L24 at least. 
[0009] 

(1) 0.6<R22R/R21F <2.2 however R21F, and R22R It is the radius of curvature on the optical axis of the field by the side of 
the body of the positive lens L21 of the 2nd lens group, and the field by the side of the image of the negative lens L22 of the 
2nd lens group, respectively. 

[0010] In this case, it is desirable to unite with the electronic image sensor arranged on an image side. 
[0011] In the zoom lens with which the zoom lens of this invention is arranged on the image pick-up side side of an 
electronic image sensor moreover, said zoom lens The 1st lens group which has negative refractive power in order [^ide / 
body ], and the 2nd lens group which has forward refractive power, Consist of the 3rd lens group which has forward 
refractive power, and the variable power from the wide angle edge at the time of an infinite distance object point focus to a 
tele edge is faced. Said 2nd lens group moves only to a body side, and it moves, said 3rd lens group changing spacing with 
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the 2nd lens group. Said 2nd lens group Sequentially from a body side, it consists of a positive lens L21, a negative lens L22, 
a positive lens L23, and a negative lens L24. It is characterized by for which lens having the aspheric surface and satisfying 
the following conditions (2) of the positive lens L23 in said 2nd lens group, or a negative lens L24, (3), and (4) at least. 
[0012] 

(2) 0< (C24F-C23R) and L<1.6 (3) 0.01<d23 / L< 0.2 (4) It corrects -0.4<L/f2R<0.8. C23R -1/R23R, and C24F =1/R24F it is 
— here R23R and R24F, respectively The field by the side of the image of the positive lens L23 of the 2nd lens group, The 
radius of curvature on the optical axis of the field by the side of the body of the negative lens L24 of the 2nd lens group and 
L The diagonal length of the effective image pick-up field (abbreviation rectangle) of an image sensor (mm), Optical-axis 
absentminded mind spacing of the positive lens L23 of the 2nd lens group and a negative lens L24 and f2R of d23 are the 
synthetic focal distances of the positive lens L23 of the 2nd lens group, and a negative lens L24. 
[0013] This invention contains electronic image pick-up equipment equipped with these zoom lenses. 

[0014] Hereafter, the reason and operation which take the above-mentioned configuration in this invention are explained. 
[0015] The 1st lens group which has negative refractive power in order [ side / body ] in this invention, It consists of the 2nd 
lens group which has forward refractive power, and the 3rd lens group which has forward refractive power. The variable 
power from a wide angle edge to a tele edge at the time of an infinite distance object point focus The monotonous migration 
by the side of the body of the 2nd lens group, In the zoom lens performed by migration of a different amount from the 2nd 
lens group of the 3rd lens group, the 2nd lens group has adopted the zoom lens constituted from the positive lens L21, a 
negative lens L22, a positive lens L23, and a negative lens L24 sequentially from a body side. 

[0016] In addition, in this invention, the lens which consists of a medium with a single lens is made into one unit, and a 
cemented lens means what consists of two or more lenses. 

[0017] in 2 group zoom of **** often used as a zoom lens for silver salt film cameras for many years, although it is good to 
make high the scale factor of the forward back group (the 2nd lens group) in each focal distance since it is miniaturized 
therefore One positive lens is added to the pan of the 2nd lens group as the 3rd lens group at an image side, and in case 
variable power is carried out to a tele edge from a wide angle edge, the method of changing spacing with the 2nd lens group 
is learned well. Moreover, this 3rd lens group has possibility that it can be used also as an object for focuses, and 
achievement of the purpose of this invention, i.e., the lens section total thickness at the time of collapsing receipt, — thin — 
carrying out — in addition — and in case a focus is carried out by the 3rd lens group, in order to control fluctuation of the 
aberration outside a shaft including astigmatism, sequentially from a body side, it is indispensable requirements to add and 
constitute a positive lens at least in a positive lens, a negative lens, and this, and the 2nd lens group is good to add a 
negative lens to an image side further. 

[0018] The balance collapses and is not desirable, if the astigmatism which remains by the 1st lens group and the 2nd lens 
group in order to take out the effectiveness if the aspheric surface of the amount beyond the need goes into the 3rd lens 
group will be amended by the 3rd lens group and the 3rd lens group moves here for a focus, although aberration fluctuation 
becomes a problem when carrying out a focus by the 3rd lens group. Therefore, when carrying out a focus by the 3rd lens 
group, it must continue throughout a zoom and astigmatism must be cut with the 1st lens group and the 2nd lens group 
abbreviation picking. Therefore, the 3rd lens group is constituted from a spherical-surface system or a small amount of 
aspheric surfaces, an aperture diaphragm is allotted to the body side of the 2nd lens group, and the 2nd lens group is good to 
constitute in order of a positive lens, a negative lens, a positive lens, and a negative lens. Moreover, since a front ball 
diameter cannot become large easily by this type, it is hard to generate the dead space at the time of collapsing it is not only 
simpler on a device to make an aperture diaphragm into the 2nd lens group and one (for it to arrange in the example of after- 
mentioned this invention just before the 2nd lens group, and for them to be the 2nd lens group and one), but, and the F value 
difference of a wide angle edge and a tele edge is small. Moreover, it is better to make these a cemented lens, since 
generating of the aberration according [ the positive lens and negative lens by the side of the body of the 2nd lens group ] to 
those relative eccentricity is remarkable. When making it junction, it is good to cancel aberration as much as possible within a 
cemented lens (a positive lens L21, negative lens L22), and to make eccentric sensitivity small. 

[0019] Then, it is good to satisfy the following conditional expression about the positive lens 21 of the 2nd lens group, and a 

negative lens L22. 

[0020] 

(1) 0.6<R22R/R21F <2.2 however R21F, and R22R It is the radius of curvature on the optical axis of the field by the side of 
the body of the positive lens L21 of the 2nd lens group, and the field by the side of the image of the negative lens L22 of the 
2nd lens group, respectively. 

[0021] Although it is advantageous to amendment of the spherical aberration, the comatic aberration, and the astigmatism of 
whole system aberration if 2.2 of the upper limit of conditions (1) is exceeded, there is little effectiveness of relaxation of the 
eccentric sensitivity by junction. If 0.6 of a minimum is exceeded, amendment of the spherical aberration, the comatic 
aberration, and the astigmatism of whole system aberration will tend to become difficult. 
[0022] In addition, it is more good to make it be the following. 
[0023] 

(1-1) It is best for 1.0<R22R/R21 F <2.0 pan to make it be the following. 
[0024] 

(1-2) It is good to be satisfied with 1 .4<R22R/R21 F <1.8 pan of the following conditional expression about the positive lens 

L23 and negative lens L24 of the 2nd lens group. 

[0025] 

(2) 0< (C24F-C23R) and L<1.6 (3) 0.01<d23 / L< 0.2 (4) It corrects -0.4<L/f2R<0.8. C23R =1/R23R, and C24F =1/R24F it is 
— here R23R and R24F, respectively The field by the side of the image of the positive lens L23 of the 2nd lens group, The 
radius of curvature on the optical axis of the field by the side of the body of the negative lens L24 of the 2nd lens group and 
L The diagonal length of the effective image pick-up field (abbreviation rectangle) of an image sensor (mm), Optical-axis 
absentminded mind spacing of the positive lens L23 of the 2nd lens group and a negative lens L24 and f2R of d23 are the 
synthetic focal distances of the positive lens L23 of the 2nd lens group, and a negative lens L24. 

[0026] If 0 of the lower limit of conditions (2) is exceeded, it will be easy to generate spherical aberration, and if 1 .6 of a 
upper limit is exceeded, astigmatism cannot be amended even if it introduces the aspheric surface into the 1st lens group. 
[0027] It aims at using effectively because of aberration amendment of the configuration of a field where both adjoin, without 
joining the positive lens L23 and negative lens L24 of the 2nd lens group in this invention. If 0.01 of the lower limit of 
conditions (3) is exceeded, field interference of a positive lens L23 and a negative lens L24 will tend to reach even in an 
effective diameter. If 0.2 of a upper limit is exceeded, the diameter of a lens will tend to become thick. 

[0028] It is better to have made it become a forward value in that case, in order to make it more convenient [ to concentrate 
eccentric sensitivity on a positive lens L21 and a negative lens L22 ], when an exit pupil location will approach the image 
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surface, and will tend to cause shading and it will consider a positive lens L21 and a negative lens L22 as junction, if -0.4 of 
the lower limit of conditions (4) is exceeded, when it could do. If 0.8 of a upper limit is exceeded, it will be hard to secure a 
small and high zoom ratio. 

[0029] In addition, it is more good to make either or the plurality of condition (2) - (4) be the following. 
[0030] 

(2) ' 0.15< (C24F-C23R) and LX1.3 (3) ' 0.01<d23 / L< 0.15 (4) ' It is still better for -0.3<L/f2R<0.5 pan to make either or the 

plurality of condition (2) - (4) be the following. It is best to make especially all be the following. 

[0031] 

(2) — " 0.3 < (C24F-C23R) and L< 1(3)" d23 / 0.01<L<0.1(4)" -0.2 — < — L/f2R<0.2 — again The aspheric lens for 
aberration amendment is good for the 1st lens group one sheet and to consider in the 2nd lens group as a total of three 
sheets in the whole system of two sheets for spherical aberration because of distortion aberration, astigmatism, and 
comatic-aberration amendment. Even if it puts in more than it, there is little effectiveness and it only becomes cost quantity. 

[0032] Moreover, it is good about axial overtone aberration or chromatic-aberration-of-magnification amendment to fulfill the 

following conditions. 

[0033] 

(5) 25<nu21-nu22+nu23~nu24<55, however nu21, nu22, nu23 and nu24 are the Abbe numbers (d line standard) of the medium 
of the positive lens L21 of the 2nd lens group, a negative lens L22, a positive lens L23, and a negative lens L24, respectively. 
[0034] If the lower limit 25 of conditions (5) is exceeded, axial overtone aberration and the chromatic aberration of 
magnification will tend to become the lack of amendment, and these will tend to become overamendment if 55 of a upper 
limit is exceeded. 

[0035] In addition, it is more good to make it be the following. 
[0036] 

(5) ' It is best for 25<nu21-nu22+nu23-nu24<50 pan to make it be the following. 
[0037] 

(5) " It is good to satisfy the following conditions about the aspheric surface of 30<nu21 -nu22+nu23-nu24<50 next the 
positive lens L23 of the 2nd lens group, and a negative lens L24. 

[0038] 

(6) 7.5x10-3 and L>|Asp2R |>|Asp21F| — however Asp21F and Asp2R, respectively The field by the side of the body of a 
positive lens L21, As opposed to the spherical surface which has the radius of curvature on the optical axis of the field of a 
positive lens L23 or a negative lens L24 The height from an optical axis is the diagonal length (mm) of the effective image 
pick-up field (abbreviation rectangle) of an image sensor, and the amount of aspheric surface deflections in 0.3L and L set 
amount Aspof aspheric surface deflections21 F to 0, when the body side face of a positive lens L21 is the spherical surface. 
[0039] That is, as the amount of aspheric surface deflections as used in the field of this invention is shown in drawing 13 , 
when setting the diagonal length of the effective image pick-up field of an electronic image sensor to L to the spherical 
surface (criteria spherical surface) which has the radius of curvature r on the optical axis of the target aspheric surface, the 
height from an optical axis says the amount of deflections of the aspheric surface in the location of 0.3L. 

[0040] Like conditions (6), unless it introduces a certain amount of aspheric surface into a positive lens L23 or a negative 
lens L24, spherical aberration, comatic aberration, and astigmatism cannot fully amend. If there is whenever [ less / aspheric 
surface ] than a positive lens L21, amending [ of comatic aberration and astigmatism ] will be easy to become inadequate. It 
becomes [ the eccentric sensitivity of a positive lens L23 or a negative lens L24 becomes large too much, and / components 
precision or assembly precision ] severe and is not desirable if 7.5x10-3 and L of the upper limit are exceeded. In addition, 
the spherical surface is sufficient as the field by the side of the body of a positive lens L21. 
[0041] In addition, it is more good to make it be the following. 
[0042] 

(6) ' 5.0x10-3 and L> It is best for a |Asp2R |>|Asp21F| pan to make it be the following. 
[0043] 

(6) — " 2.5x10-3 and L>|Asp2R |>|Asp21F| — it is more good as another conditions to fill the following. 
[0044] 

(6-2) It is best for |Asp2R |>3 and a |Asp21F| pan to make it be the following. 
[0045] 

(6-3) When the following conditions are further satisfied to a |Asp2R |>6, |Asp21F|, and conditions (2) system, the 

amendment top of spherical aberration is good. 

[0046] 

(7) -0.5<(R21F-R22R)/(R21F+R22R) <0.3 however R21F, and R22R It is the radius of curvature on the optical axis of the 
field by the side of the body of the positive lens L21 of the 2nd lens group, and the field by the side of the image of a 
negative lens L22, respectively. Incidentally, this conditional expression has the inverse number of the usual shape factor. 
[0047] If -0.5 of the minimum of this condition is exceeded, it will be easy to become the lack of spherical-aberration 
amendment, and lens thickness will tend to become thick. Moreover, the workability of the body side positive lens L21 also 
gets worse. If 0.3 of an upper limit is exceeded, conversely high order spherical aberration will occur, or the workability of the 
deep concave surface by the side of a negative lens will get worse. 

[0048] In addition, it is more good to make it be the following. 
[0049] 

(7) — ' -0.4<(R21F-R22R)/(R21F+R22R) <0.2 — it is still better to make it be the following. 
[0050] 

(7) — " -0.3<(R21F-R22R)/(R21F+R22R) <0.1 — again — a condition (2) system or (7) systems — receiving — the 
conditions of further the following — any of (8) and (9) — or if both are satisfied, it is advantageous about an exit pupil 
location, i.e., shading. 

[0051] (8) -1<f3/f2R<1.6 (9) It corrects 0.02<d22/L<0.5. f2R and f3, respectively The synthetic focal distance of the positive 
lens L23 of the 2nd lens group, and a negative lens L24, and the focal distance of the 3rd lens group, d22 is spacing of the 
image side face of the negative lens L22 of the 2nd lens group, and the body side face of a positive lens L23, and L is the 
diagonal length (mm) of the effective image pick-up field (abbreviation rectangle) of an image sensor. 
[0052] Although it is advantageous to the exit pupil location, i.e., shading, in a wide angle edge if 1.6 of the upper limit of 
conditions (8) is exceeded, the amount of fluctuation of the exit pupil location at the time of carrying out variable power to a 
tele edge is large, and becomes disadvantageous for shading in a tele edge. When -1 of a lower limit is exceeded, in case a 
focus is carried out by the point and the 3rd lens group which the exit pupil in a wide angle edge is too near, and shading 
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tends to generate, the movement magnitude becomes large too much, and there is disadvantage on a tooth space. Moreover, 
since it is necessary to strengthen the positive lens by the side of the image of the high 2nd lens group of the axial Uemitsu 
line quantity in paraxial, the principal point location of the 2nd lens group moves back, it is difficult to get and the 1st lens 
group tends to grow a high scale factor large. 

[0053] If 0.02 of the minimum of conditions (9) is exceeded, it will be easy to generate shading influenced by amendment of 
astigmatism, and the exit pupil location in a wide angle edge. If 0.5 of an upper limit is exceeded, the thickness of the 2nd 
lens group will be thick and will serve as fetters making [ of collapsing thickness ] it small. 

[0054] In addition, the 2nd The effectiveness to the performance degradation of a relative-position error with the subgroup 
which put together the subgroup and positive lens L23 which put together the positive lens L21 and negative lens L22 of a 
lens group, and the negative lens L24 [ small ] (However, as for the amount of aspheric surfaces of a positive lens L23, it is 
desirable to make it more smallish in that case.) You may make it the structure which prepares fixed spacing or changing 
spacing more greatly at the time of variable power and an image pick-up, and is contracted by that only at the time of 
collapsing. It is advantageous to engine-performance reservation of a periphery to enlarge d22 slightly at the time of an 
image pick-up. 

[0055] In addition, it is more good to make it be the following in both conditions (8) and (9). [ both / either or ] 
[0056] 

(8) ' -0.7<f3/f2R<1.0(9)' 0.04<d22 It is still better for /LX0.4 pan to make it be the following in both conditions (8) and (9). 

[ both / either or] It is best to make especially both be the following. 

[0057] 

(8) " -0.4<f3/f2R<0.4(9)" 0.06<d22 If the following conditions are independently satisfied further to conditions (2) or (5) as be 
fastidious /L<0.3, it is advantageous to the miniaturization at the. time of collapsing. 

[0058] (10) -1<f2 F/R21R <2.5, however R21R The radius of curvature of the field by the side of the image of the positive 
lens L21 of the 2nd lens group and f2F are the synthetic focal distances of the positive lens L21 of the 2nd lens group, and a 
negative lens L22. 

[0059] Although it will be easy to make thin total thickness of the positive lens L21 and negative lens L22 of the 2nd lens 

group if 2.5 of the upper limit of conditions (10) is exceeded, amendment of axial overtone aberration becomes difficult. 

Although it is advantageous to amendment of axial overtone aberration if -1 of a lower limit is exceeded, a thick kink 

colander is not obtained for the total thickness of the positive lens L21 and negative lens L22 of the 2nd lens group, but it 

becomes fetters making collapsing thickness thin. 

[0060] In addition, it is more good to make it be the following. 

[0061] 

(10) ' It is best for -0.8<f2 F/R21R <0.8 pan to make it be the following. 
[0062] 

(10) " If the following conditions are further satisfied to -0.6<f2 F/R21R <said 0.5 condition (2) system, (7) system, or (10) 
system, it is advantageous to the miniaturization at the time of collapsing. 

[0063] (11) -0.5<f2/f2R<1 , however f2 The synthetic focal distance of the whole 2nd lens group and f2R are the synthetic 
focal distances of the positive lens L23 of the 2nd lens group, and a negative lens L24. 

[0064] Conditions (11) specify the ratio of the synthetic focal distance of the positive lens L23 of the 2nd lens group, and a 
negative lens L24, and the synthetic focal distance of the whole 2nd lens group. If 1 of an upper limit is exceeded, it will grow 
[ whether mirror frame machine structure becomes complicated and ] large, in order do not become high, but the movement 
magnitude of the 1st lens group becomes large, are easy to enlarge the 2nd lens group scale factor, or dead space tends to 
be made in the 2nd lens group back in a busy condition, since the principal point of the 2nd lens group becomes image side 
approach, and for an overall length to become long and to make collapsing thickness thin. Or it cannot do not much thinly. 
Amendment of astigmatism will become difficult if -0.5 of a lower limit is exceeded. 
[0065] In addition, it is more good to make it be the following. 
[0066] 

(1 1) ' It is best for -0.4 <f2 / f2R<0.7 pan to make it be the following. 
[0067] 

(11) " About -0.3<f2/f2R<0.4 and the 3rd lens group, although it is good to constitute from alt the lens ****** spherical 
surfaces, it is good in that case to fulfill the following conditions geometrically. 

[0068] 

(12) R32 is the body side and the radius of curvature which is the field by the side of an image most of the positive lens of 
the 3rd lens group most as -1.0<(R31+R32)/(R31-R32) <1.2. however R31, respectively. 

[0069] If 1.2 of the upper limit of conditions (12) is exceeded, even if fluctuation of the astigmatism by the rear focus 
becomes large too much and can amend astigmatism good in the infinity object point, astigmatism will tend to get worse to 
the short-distance object point. Although there is little astigmatism fluctuation by the rear focus when -1.0 of a lower limit is 
exceeded, the aberration amendment to the infinity object point becomes difficult. 
[0070] In addition, it is more good to make it be the following. 
[0071] 

(12) — ' -0.3<(R31+R32)/(R31-R32) <1.2 — it is still better to make it be the following. 
[0072] 

(12) " Although collapsing thickness was made thin about more than 0.0<(R31+R32)/(R31-R32) <1.0 and the zoom lens 
section, the means which makes the image formation engine performance good was offered. 

[0073] In addition, the zoom lens of this invention is advantageous when electronic image pick-up equipment including a wide 
angle region is constituted. Half-field angle [ of the direction of a vertical angle especially in a wide angle edge ] omega W It 
is desirable to use for the electronic image pick-up equipment with which are satisfied of the following conditions (a wide 
angle edge half field angle given in each after-mentioned example is equivalent to omegaW.). 

[0074] Although an aberration amendment top will become advantageous if a wide angle edge half field angle becomes narrow 
exceeding 27 degrees of the lower limit of this condition W < 42 degrees of 27 degrees < omega, it is no longer a field angle in 
a practical wide angle edge. On the other hand, if 42 degrees of a upper limit are exceeded, it will become easy to generate 
distortion aberration and the chromatic aberration of a scale factor, and lens number of sheets will increase. 
[0075] Next, reference is made about the affair which makes filters thin. The infrared-absorption filter which usually has fixed 
thickness in electronic image pick-up equipment so that infrared light may not carry out incidence to an image pick-up side 
is inserted in a body side rather than the image sensor. It considers transposing this to thin coating. Although it is the 
translation which becomes naturally that much thin, there is a secondary effect. Rather than the image sensor in zoom lens 
system back, to a body side, 80% or more, if the permeability (tau 700) in 700nm introduces 8% or less of near-infrared Sharp 
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cut coat, permeability (tau 600) with a wavelength of 600nm The permeability of a near infrared region 700nm or more is 
lower than an absorption type. The permeability by the side of red becomes high relatively, the Magenta-ized inclination by 
the side of the purple-blue which is the fault of solid state image sensors, such as CCD which has a complementary color 
mosaic filter, is eased by the gain adjustment, and the color reproduction of the solid state image sensor averages, such as 
CCD which has a primary color filter, can be obtained. 

[0076] Namely, (13) tau6OO/tau550 >=0.8 (14) It is desirable to fill tau700/tau550 <=0.08. However, tau 550 It is permeability 
with a wavelength of 550nm. 

[0077] In addition, it is more good to make it be the following in both conditions (13) and (14). [ both / either or ] 

[0078] (13) ' tau600/tau550 >=0.85(14)' It is still better for tau700 / tau550 <=0.05 pan to make it be the following in both 

conditions (13) and (14). [ both / either or ] It is best to make especially both be the following. 

[0079] (13) " tau600/tau550 >=0.9(14)" Another fault of solid state image sensors, such as tau700 / tau550 <=0.03CCD, is 
that the sensibility to the wavelength of 550nm of a near-ultraviolet region is quite higher than that of human being's eye. 
This is also highlighting the color blot of the edge section of the image by the chromatic aberration of a near-ultraviolet 
region. It is fatal if especially optical system is miniaturized. Therefore, the ratio to 550nm it (tau 550) of permeability (tau 
400) with a wavelength of 400nm is less than 0.08. If an absorber or a reflector to which the ratio to 550nm it (tau 550) with 
a permeability (tau 440) of 440nm exceeds 0.4 is inserted on an optical path, a required wavelength region will not be lost on 
color reproduction (have maintained good color reproduction), but noises, such as a color blot, will be mitigated considerably. 
[0080] Namely, (15) tau400/tau550 <=0.08 (16) It is desirable to fill tau440/tau550 >=0.4. 

[0081] In addition, it is more good to make it be the following in both conditions (15) and (16). [ both / either or ] 
[0082] (15) ' tau400/tau550 <=0.06(16)' It is still better for tau440 / tau550 >=0.5 pan to make it be the following in both 
conditions (15) and (16). [ both / either or ] It is best to make especially both be the following. 

[0083] (15) " tau400/tau550 <=0.04(16)" As for tau440/tau550 >=0.6, in addition the installation of these filters, between 
image formation optical system and image sensors is good. 

[0084] On the other hand, in the case of a complementary filter, the merit when using small CCD from the height of the 
transmitted light energy, since substantial sensibility is high and advantageous also in resolving compared with CCD with a 
primary color filter is size. Also about the optical low pass filter which is another filter, it is the total thickness tLPF. (mm) is 
good to fulfill the following conditions. 
[0085] 

(17) 0.15<tLPF / a< 0.45, however a are the level pixel pitches (unit mum) of an image sensor, and are 5 micrometers or less. 

[0086] Although it is also effective to make an optical low pass filter thin in order to make collapsing thickness thin, generally 
moire depressor effect decreases and is not desirable. On the other hand, the contrast of the frequency component beyond 
a nyquist limitation decreases, and the phenomenon of moire depressor effect comes to be permitted to some extent by the 
effect of the diffraction of an image formation lens system as a pixel pitch becomes small. For example, when whenever 
[ azimuth / at the time of projection on the image surface ] uses in piles three kinds of filters which have a crystallographic 
axis in a horizontal (- 0 degree) and the direction of **45 degree, respectively in the direction of an optical axis, it is known 
that there is moire depressor effect considerably. As a specification to which the filter in this case becomes the thinnest, 
what can shift only SQRT(1/2) * amum in amum and the direction of **45 degree horizontally, respectively is known. The 
filter thickness at this time is about set to [1+2*SQRT(1/2)] *a/5.88 (mm). Here, SORT is the square root and means a 
square root. This is a specification which makes contrast zero in the frequency which is equivalent to a nyquist limitation 
exactly. Although the contrast of several % thru/or the frequency equivalent to a nyquist limitation will come out for a while 
rather than this if it is made thin about dozens of%, ****** stopped under the effect of the above-mentioned diffraction 
becomes possible. 

[0087] Also when carrying out by filter specifications other than the above, for example, a two-sheet pile, and one sheet, it is 
good to satisfy [ include ] conditions (17). If 0.45 of the upper limit is exceeded, an optical low pass filter will be too thick, 
and will become the hindrance of thin-shape-izing. Moire removal will become inadequate if 0.15 of a lower limit is exceeded. 
However, the conditions of a in the case of carrying this out are 5 micrometers or less. 

[0088] If a is 4 micrometers or less, since it is easier to be influenced of diffraction, it is (17)'. It is good also as 0.13<tLPF / 
a< 0.42. 

[0089] Moreover, you may make it be the following according to the number of sheets of a level pixel pitch and the low pass 
filter to pile up. 

[0090] (17) " At 0.3<tLPF / a< 0.4 however a three-sheet pile, and the time of 4<=a<5 (micrometer) At 0.2<tLPF / a< 0.28 
however a two-sheet pile, and the time of 4<=a<5 (micrometer) O.KtLPF / a< 0.16, however one sheet At and the time of 
4<=a<5 (micrometer) It is 0.08<tLPF / a< 0.14, however one sheet at the time of a< 4 (micrometer) at 0.16<tLPF / a< 0.25 
however a two-sheet pile, and the time of a< 4 (micrometer) at 0.25<tLPF / a< 0.37 however a three-sheet pile, and the time 
of a< 4 (micrometer). 

[0091] When using an electronic image sensor with a small pixel pitch, image quality deteriorates under the effect of the 
diffraction effect by narrowing down. It can insert most into which [ between the lens sides by the side of a body ] optical 
path, therefore, two or more openings of immobilization of opening size — having — one of them — the 1st lens group — 
most — the lens side by the side of an image, and the 3rd lens group — And it considers as the electronic image pick-up 
equipment which can adjust an image surface illuminance by supposing that it is exchangeable with other openings. It is good 
to perform quantity of light accommodation, as the permeability to 550nm differs in a part of openings in two or more of the 
openings, respectively and it has a medium which is less than 80%. Or when adjusting so that it may become the quantity of 
light equivalent to an F value which is set to a (micrometer) / f number <0.4, it is good to consider as the electronic image 
pick-up equipment which the permeability to 550nm differs in opening, respectively, and has less than 80% of medium. For 
example, from the open value, if out of range, he has no medium or the permeability to 550nm which is the above-mentioned 
conditions considers as 91% or more of dummy medium, and it is [ like / the diameter of an aperture diaphragm is not made 
small, so that the effect of diffraction comes out. and / an ND filter ] good at the time of within the limits to carry out 
quantity of light accommodation. 

[0092] Moreover, what puts in in opening the optical low pass filter with which a path is made into what was made small in 
inverse proportion to the F value, two or more of the openings are arranged, respectively, and frequency characteristics 
differ instead of an ND filter, respectively is sufficient. Since diffraction degradation becomes large as it narrows down, the 
frequency characteristics of an optical low pass filter are highly set up, so that the diameter of opening becomes small. 
[0093] 

[Embodiment of the Invention] Hereafter, the examples 1-10 of the zoom lens used for the electronic image pick-up 
equipment of this invention are explained. The wide angle edge at the time of the infinite distance object point focus of 
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examples" 1-10 (a), an intermediate state (b) r and the lens sectional view in a tele edge (c) are shown in drawing „i - drawing 
10 , respectively. I has shown the image surface of CG and CCD for the cover glass of CCD IF and whose low pass filter of 
G3 and an infrared cut absorption filter G2 and the 3rd lens group are [ the 1st lens group / G1 and a diaphragm ] LF and an 
electronic image sensor for S and the 2nd lens group among each drawing- In addition, it may replace with infrared cut 
absorption filter IF, what was used as the near-infrared Sharp cut coat at the plane of incidence of a transparence plate may 
be used, and a direct near-infrared Sharp cut coat may be given to a low pass filter LF. 

[0094] The 1st lens group G1 of negative refractive power, aperture-diaphragm S, both the convex positive lens, and the 
cemented lens of both the concave negative lens which are from the positive meniscus lens of a convex on a both concave 
negative lens and body side as the zoom lens of an example 1 is shown in drawjnjg j , It consists of 3rd lens group G3 of the 
forward refractive power which consists of both convex positive lens, and the 2nd lens group G2 of the forward refractive 
power which is from the negative meniscus lens of a convex on a body side and both one convex positive lens. In case 
variable power is carried out to a tele edge from a wide angle edge, the 1st lens group G1 draws the locus of concave, and 
moves to a body side. Becoming a location by the side of the image surface from a wide angle edge in a tele edge, the 2nd 
lens group G2 moves to aperture-diaphragm S and one at a body side, and 3rd lens group G3 draws the locus of a convex, 
and moves to an image surface side, and it becomes a location by the side of a body from a wide angle edge by the tele 
edge. In order to carry out focusing to the photographic subject of a short distance, it lets out 3rd lens group G3 to a body 
side. 

[0095] The aspheric surface is used for the 3rd page, the field by the side of the image surface of both the concave negative 
lens of the 1st lens group G1 , the field by the side of the body of the cemented lens of the 2nd lens group G2, and the field 
by the side of the body of both the convex positive lens. 

[0096] As the zoom lens of an example 2 is shown in drawing 2 ( a t a positive meniscus lens [ of a convex ], and body side to 
a 1st lens group [ of the negative refractive power which consists of both concave negative lens and both convex positive 
lens ] G1, aperture-diaphragm S, and body side The cemented lens of the negative meniscus lens of a convex, In case it 
consists of 3rd lens group G3 of the forward refractive power which consists of the 2nd lens group G2 of the forward 
refractive power which consists of both convex positive lens and a **** negative lens, and both one convex positive lens 
and variable power is carried out to a tele edge from a wide angle edge the 1st lens group G1 — a body side — the locus of 
concave — drawing — moving — a tele edge and a wide angle edge — abbreviation — becoming the same location, the 2nd 
lens group G2 moves to aperture-diaphragm S and one at a body side, and moves 3rd lens group G3 to an image surface 
side. In order to carry out focusing to the photographic subject of a short distance, it lets out 3rd lens group G3 to a body 
side. 

[0097] The aspheric surface is used for the 3rd page, the field by the side of the image surface of both the concave negative 
lens of the 1st lens group G1, the field by the side of the body of the cemented lens of the 2nd lens group G2. and the field 
by the side of the body of both the convex positive lens. 

[0098] The 1st lens group G1 of the negative refractive power which is from the positive meniscus lens of a convex on a 
both concave negative lens and body side as the zoom lens of an example 3 is shown in drawing 3 , aperture-diaphragm S, 
To a body side at a positive meniscus lens [ of a convex ], and body side The cemented lens of the negative meniscus lens 
of a convex, It consists of 3rd lens group G3 of the forward refractive power which consists of both convex positive lens, and 
the 2nd lens group G2 of the forward refractive power which is from the negative meniscus lens of a convex on a body side 
and both one convex positive lens, the time of carrying out variable power to a tele edge from a wide angle edge — the 1st 
lens group G1 — a body side — the locus of concave — drawing — moving — a tele edge and a wide angle edge — 
abbreviation — becoming the same location, the 2nd lens group G2 moves to aperture-diaphragm S and one at a body side, 
and 3rd lens group G3 is immobilization. In order to carry out focusing to the photographic subject of a short distance, it lets 
out 3rd lens group G3 to a body side. 

[0099] The aspheric surface is used for the 3rd page, the field by the side of the image surface of both the concave negative 
lens of the 1st lens group G1, the field by the side of the body of the cemented lens of the 2nd lens group G2, and the field 
by the side of the body of both the convex positive lens. 

[0100] As the zoom lens of an example 4 is shown in drawing 4 , to a body side Two negative meniscus lenses of a convex, 
At a positive meniscus lens [ of a convex ], and body side to a 1st lens group [ of the negative refractive power which 
consists of both convex positive lens ] G1, aperture-diaphragm S, and body side The cemented lens of the negative 
meniscus lens of a convex, It consists of 3rd lens group G3 of the forward refractive power which consists of both convex 
positive lens, and the 2nd lens group G2 of the forward refractive power which is from the negative meniscus lens of a 
convex on a body side and both one convex positive lens. In case variable power is carried out to a tele edge from a wide 
angle edge, the 1st lens group G1 draws the locus of concave, and moves to a body side. Becoming a location by the side of 
the image surface from a wide angle edge in a tele edge, the 2nd lens group G2 moves to aperture-diaphragm S and one at a 
body side, and 3rd lens group G3 draws the locus of a convex, and moves to a body side, and it becomes a location by the 
side of a body from a wide angle edge by the tele edge. In order to carry out focusing to the photographic subject of a short 
distance, it lets out 3rd lens group G3 to a body side. 

[0101] The aspheric surface is used for the 3rd page, the field by the side of the image surface of the negative meniscus 
lens by the side of the body of the 1st lens group G1, the field by the side of the body of the cemented lens of the 2nd lens 
group G2, and the field by the side of the body of both the convex positive lens. 

[0102] As the zoom lens of an example 5 is shown in drawing 5 , to a body side The negative meniscus lens of a convex, The 
1st lens group G1 of negative refractive power, aperture-diaphragm S, the **** positive lens, and the cemented lens of a 
**** negative lens which are from the positive meniscus lens of a convex on a body side, In case it consists of 3rd lens 
group G3 of the forward refractive power which consists of the 2nd lens group G2 of the forward refractive power which 
consists of both convex positive lens and both concave negative lens, and both one convex positive lens and variable power 
is carried out to a tele edge from a wide angle edge The locus of concave is drawn and it moves to a body side, and by the 
tele edge, the 1st lens group G1 becomes a location by the side of the image surface from a wide angle edge, the 2nd lens 
group G2 moves to aperture-diaphragm S and one at a body side, and 3rd lens group G3 moves it for it to a body side. In 
order to carry out focusing to the photographic subject of a short distance, it lets out 3rd lens group G3 to a body side. 
[0103] The aspheric surface is used for the 3rd page, the field by the side of the image surface of the negative meniscus 
lens of the 1st lens group G1 , the field by the side of the body of the cemented lens of the 2nd lens group G2, and the field 
by the side of the body of both the convex positive lens. 

[0104] The 1st lens group G1 of negative refractive power, aperture-diaphragm S, both the convex positive lens, and the 
cemented lens of both the concave negative lens which are from the positive meniscus lens of a convex on a both concave 
negative lens and body side as the zoom lens of an example 6 is shown in d£a_yingJ5 . In case it consists of 3rd lens group G3 
of the forward refractive power which consists of the 2nd lens group G2 of the forward refractive power which consists of 
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both convex positive lens and both concave negative lens, and both one convex positive lens and variable power is carried 
out to a tele edge from a wide angle edge The 1st lens group G1 draws the locus of concave on a body side, and it moves, 
and becomes a location by the side of the image surface from a wide angle edge in a tele edge, the 2nd lens group G2 moves 
to aperture-diaphragm S and one at a body side, 3rd lens group G3 draws the locus of a convex on a body side, and it 
moves, and becomes a location by the side of the image surface from a wide angle edge in a tele edge. In order to carry out 
focusing to the photographic subject of a short distance, it lets out 3rd lens group G3 to a body side. 

[0105] The aspheric surface is used for the 3rd page, the field by the side of the image surface of both the concave negative 
lens of the 1st lens group G1, the field by the side of the body of the cemented lens of the 2nd lens group G2, and the field 
by the side of the body of both the convex positive lens. 

[0106] The 1st lens group G1 of negative refractive power, aperture-diaphragm S, both the convex positive lens, and the 
cemented lens of both the concave negative lens which are from the positive meniscus lens of a convex on a both concave 
negative lens and body side as the zoom lens of an example 7 is shown in <________ 7 , In case it consists of 3rd lens group G3 

of the forward refractive power which consists of the 2nd lens group G2 of the forward refractive power which consists of 
both convex positive lens and both concave negative lens, and both one convex positive lens and variable power is carried 
out to a tele edge from a wide angle edge The 1st lens group G1 draws the locus of concave on a body side, and it moves, 
and becomes a location by the side of a body from a wide angle edge in a tele edge, the 2nd lens group G2 moves to 
aperture-diaphragm S and one at a body side, 3rd lens group G3 draws the locus of a convex on a body side, and it moves, 
and becomes the location same at a tele edge and wide angle edge. In order to carry out focusing to the photographic 
subject of a short distance, it lets out 3rd lens group G3 to a body side. 

[0107] The aspheric surface is used for the 3rd page, the field by the side of the image surface of both the concave negative 
lens of the 1st lens group G1 , the field by the side of the body of the cemented lens of the 2nd lens group G2, and the field 
by the side of the body of both the convex positive lens. 

[0108] The 1st lens group G1 of the negative refractive power which is from the positive meniscus lens of a convex on a 
both concave negative lens and body side as the zoom lens of an example 8 is shown in drawing 8 , aperture-diaphragm S, 
To a body side at a positive meniscus lens [ of a convex ], and body side The cemented lens of the negative meniscus lens 
of a convex, It consists of 3rd lens group G3 of the forward refractive power which consists of both convex positive lens, and 
the 2nd lens group G2 of the forward refractive power which is from the negative meniscus lens of a convex on an image 
surface side and both one convex positive lens. In case variable power is carried out to a tele edge from a wide angle edge, 
the 1st lens group G1 draws the locus of concave, and moves to a body side. Becoming a location by the side of a body from 
a wide angle edge in a tele edge, the 2nd lens group G2 moves to aperture-diaphragm S and one at a body side, and 3rd lens 
group G3 draws the locus of a convex, and moves to an image surface side, and it becomes a location by the side of the 
image surface from a wide angle edge by the tele edge. In order to carry out focusing to the photographic subject of a short 
distance, it lets out 3rd lens group G3 to a body side. 

[0109] The aspheric surface is used for the 3rd page, the field by the side of the image surface of both the concave negative 
lens of the 1st lens group G1 , the field by the side of the body of the cemented lens of the 2nd lens group G2, and the field 
by the side of the body of both the convex positive lens. 

[01 10] As the zoom lens of an example 9 is shown in drawing 9 , to a body side The negative meniscus lens of a convex, The 
1st lens group G1 of negative refractive power, aperture-diaphragm S, the **** positive lens, and the cemented lens of a 
**** negative lens which are from the positive meniscus lens of a convex on a body side, It consists of 3rd lens group G3 of 
the forward refractive power which consists of both convex positive lens, and the 2nd lens group G2 of the forward 
refractive power which is from the negative meniscus lens of a convex on a body side and both one convex positive lens. In 
case variable power is carried out to a tele edge from a wide angle edge, the 1st lens group G1 draws the locus of concave 
on a body side, and it moves, and becomes a location by the side of the image surface from a wide angle edge in a tele edge, 
the 2nd lens group G2 moves to aperture-diaphragm S and one at a body side, and 3rd lens group G3 moves to a body side. 
In order to carry out focusing to the photographic subject of a short distance, it lets out 3rd lens group G3 to a body side. 
[0111] The aspheric surface is used for the 3rd page of the fields by the side of the field by the side of the image surface of 
the negative meniscus lens of the 1st lens group G1, the field by the side of the body of the cemented lens of the 2nd lens 
group G2, and the image surface of both the convex positive lens. 

[01 12] As the zoom lens of an example 10 is shown in drawing J O , to a body side The negative meniscus lens of a convex, 
At a positive meniscus lens [ of a convex ], and body side to a 1st lens group [ of the negative refractive power which is 
from the positive meniscus lens of a convex on a body side ] G1, aperture-diaphragm S. and body side The cemented lens of 
the negative meniscus lens of a convex, It is from 3rd lens group G3 of the forward refractive power which consists of a 
positive meniscus lens of a convex, and the 2nd lens group G2 of the forward refractive power which becomes from the 
negative meniscus lens of a convex at an image surface side and both one convex positive lens on an image surface side. In 
case variable power is carried out to a tele edge from a wide angle edge, the 1st lens group G1 draws the locus of concave, 
and moves to a body side. Becoming a location by the side of the image surface from a wide angle edge in a tele edge, the 
2nd lens group G2 moves to aperture-diaphragm S and one at a body side, and 3rd lens group G3 draws the locus of a 
convex, and moves to a body side, and it becomes a location by the side of a body from a wide angle edge by the tele edge. 
In order to carry out focusing to the photographic subject of a short distance, it lets out 3rd lens group G3 to a body side. 
[0113] The aspheric surface is used for the 3rd page of the fields by the side of the field by the side of the image surface of 
the negative meniscus lens of the 1st lens group G1, the field by the side of the body of the cemented lens of the 2nd lens 
group G2, and the image surface of an independent positive meniscus lens. 

[01 14] Although the numeric data of each above-mentioned example is shown below In a notation, f outside the above a 
half-field angle and FNO for a whole system focal distance and omega The f number, For a wide angle edge and ST, an 
intermediate state and TE are [ WE ] a tele edge, r1, and r2. — is the radius of curvature of each lens side, d1, and d2. — is 
[ the refractive index of d line of each lens, nud1, and nud2 — of spacing between each lens side, nd1, and nd2 — ] the Abbe 
numbers of each lens. In addition, an aspheric surface configuration uses x as the optical axis which made the travelling 
direction of light forward, and when y is taken in the direction which intersects perpendicularly with an optical axis, it is 
expressed with the following formula. 

[0115] For 1+(1-(K+1) (y/r) 2} 1 / x= (y2 / r) / [2]+A4y4+A6y6+A8y8+A10y10, however r, paraxial radius of curvature and K 
are a constant of the cone, A4, and A6, A8 and A10. It is the 4th aspheric surface multiplier [ 6th / 8th / 10th ], respectively. 

[0116] 

Example 1r1 = -102.7129 d1 = 0.7000 nd 1 = 1.80610 nud1 =40.92 r2 = 5.3602 (aspheric surface) d2 = 2.0000 r3 = 11.4378 d3 
= 1.8000 nd 2 = 1.84666 nud2 =23.78 r4 = 98.3090 d4 = (adjustable) r5 = infinity (diaphragm) d5 = 1.2000 r6 = 4.9724(aspheric 
surface) d6 = 2.0000nd 3 = 1.80610 nud3 =40.92 r7 = -64.0363 d7 = 0.7000 nd 4 = 1.84666 nud4 =23.78 r8 = 7.0009 d8 = 
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1.1549 r9 = 15.2680 (aspheric surface) d9 = 1.3000 nd 5 = 1.69350 nud5 =53.21 r10=-12.7034 d10= 0.1500 r1 1= 91.7989 d11 = 
0.7000 nd 6 = 1.80100 nud6 =34.97 r12= 8.2347 d12= (adjustable) r13= 11.7154 d13=1.8000 nd 7 = 1.48749 nud7 =70.23 r14=- 
20.5935 d14= (adjustable) r15= infinity d15= 0.8000 nd 8 = 1.51633 nud8 =64.14 r16= infinity d16= 1.5000 nd 9 = 1.54771 nud9 
=62.84 r17= infinity d17= 0.8000 r18= infinity d18= 0.7500nd 10= 1.51633 nud10=64.14 r19= infinity d19= 1.2097r20= infinity 
(image surface) The 2nd page of aspheric surface multiplier K = 0 A4 =-9.1908 x10-4 A6 = 1 .0097x1 0-5A8 =-1.5014 x10- 
6A10= 0.0000 6th page K = 0 A4 =-1.4735 x10-4 A6 = 1.6281 x10-5 A8 =-7.9774 x10-7 A10= 0.0000 The 9th page K = 0 A4 
=-2.0216 x10-3 A6 =-1.8880 x10-4A8 = 9.7090 x10-6 A10= 0.0000 Zoom data (infinity) 

WE ST TEf (mm) 4.50523 8.68872 12.89933 FNO 2.6065 3.5812 4.3925omega (degree) 33.2 18.1 12.4d4 15.98285 5.88144 

1.50000d12 2.53628 8.66957 13.53479 d14 0.921730.42989 0.99810. 

[0117] 

Example 2r1 = -40.0207 d1 = 0.7000 nd 1 = 1.80610 nud1 =40.92 r2 = 4.8393 (aspheric surface) d2 = 2.7104 r3 = 14.6390 d3 = 
1.5606 nd 2 = 1.84666 nud2 =23.78 r4 = -100.9877 d4 = (adjustable) r5 = infinity (diaphragm) d5 = 1.2000 r6 = 4.5526(aspheric 
surface) d6 = 1.8758nd 3 = 1.80610 nud3 =40.92 r7 = 15.8025 d7 = 0.9429 nd 4 = 1.84666 nud4 =23.78 r8 = 4.0750 d8 = 0.6028 
r9 = 7.1659 (aspheric surface) d9 = 1.8221 nd 5 = 1.69350 nud5 =53.21 r10=-8.0623 d10= 0.1000 r11= infinity d11= 1.0000 nd 
6 = 1.80100 nud6 =34.97 r12= 6.7380 d12= (adjustable) r13= 13.4670 d13= 1.6540 nd 7 = 1.48749 nud7 =70.23 r14= -21.9112 
d14= (adjustable) r15= infinity d15= 0.8000 nd 8 = 1.51633 nud8 =64.14 r16= infinity d16= 1.5000 nd 9 = 1.54771 nud9=62.84 
r17= infinity d17= 0.8000 r18= infinity d18= 0.7500 nd 10= 1.51633 nud10=64.14 r19= infinityd19= 1.2000 r20= infinity (image 
surface) Aspheric surface multiplier The 2nd page K = 0 A4 =-1.6364 x10-3 A6 = 1.1356 x10-5 A8=-2.5627 x10-6 A10= 
0.0000 6th page K = 0 A4 = -3.9899x10-4 A6 = -2.2843x10-5 A8 = -1.2585x10-6 A10= -9.0236x10-9 The 9th page K = 0 A4 
=-1.7288 x10-3 A6 = 4.6545 x10~5 A8 =-3.7671 x10-6 A10= 3.6071 x10-7 zoom data (infinity) 

WE ST TEf (mm) 4.20000 8.59999 12.80032 FNO 2.4980 3.5636 4.6676omega (degree) 35.2 18.3 12.4d4 14.39292 4.31686 

1.50000d12 1.90425 8.66884 15.45557 d14 1.560491.52138 0.90000. 

[0118] 

Example 3r1 = -41.7871 d1 = 0.7000 nd 1 = 1.80610 nud1 =40.92 r2 = 4.8061 (aspheric surface) d2 = 2.1538 r3 = 11.7830 d3 = 
1.5885 nd 2 = 1.84666 nud2 =23.78 r4 = 498.8711 d4 = (adjustable) r5 = infinity (diaphragm) d5 = 1.2000 r6 = 4.471 1 (aspheric 
surface) d6 = 1.8148nd 3 = 1.80610 nud3 =40.92 r7 = 16.1235 d7 = 0.8513 nd 4 = 1.84666 nud4 =23.78 r8 = 4.0848 d8 = 0.5201 
r9 = 6.1325 (aspheric surface) d9 = 1.6063 nd 5 = 1.69350 nud5 =53.21 r10=-11.1687 d10= 0.1000 r11= 16.3851 d11= 1.0000 
nd 6 = 1.80100 nud6 =34.97 r12= 4.8782 d12= (adjustable) r13= 17.5725 d13=1.7579 nd 7 = 1.48749 nud7 =70.23 rl4=-13.0293 
d14= 0.9000 r15= infinity d15= 0.8000 nd 8 = 1.51633 nud8 =64.14 r16= infinity d16= 1.5000 nd 9 = 1.54771 nud9 =62.84 r17= 
infinity d17= 0.8000 r18= infinity d18= 0.7500 nd 10= 1.51633 nud10=64.14 r19= infinity d19= 1.2001 r20= infinity (image 
surface) Aspheric surface multiplier The 2nd page K = 0 A4 =-1.5240x10-3 A6 = 7.1028 x10-6 A8 =-2.5635 x10-6 A10= 
0.0000 6th page K = 0 A4 =-4.1354 x10-4A6 =-2.4486 x10-5 A8 =-1.4312 x10-6 A10= 3.7941 x10~8 The 9th page K = 0 A4 
=-1.7166 x10-3 A6 = 5.3328 x10~5 A8 =-4.9514 x10-6 A10=-5.3554 x10-8 zoom data (infinity) 

WE ST TEf (mm) 4.20005 8.60008 12.80003 FNO </SUB> 2.6418 3.7743 4.8647omega (degree) 35.2 18.3 12.5d4 13.62386 

4.39163 1.50000 d12 2.13358 8.33646 14.25744 . 

[0119] 

Example 4r1 = 27.0909 d1 = 0.7000 nd 1 = 1.80610 nud1 =40.92 r2 = 6.6293 (aspheric surface) v d2 = 1.8000 r3 = 144.3405 d3 = 
0.7000 nd 2 = 1.80100 nud2 =34.97 r4 = 8.3285 d4 = 0.8000 r5 = 9.3403 d5 = 1.8000 nd 3 = 1.80518 nud3 =25.42r6 = - 
172.3059 d6 = (adjustable) r7 = infinity(diaphragm) d7 = 1.2000 r8 = 4.6685 (aspheric surface) d8 = 2.0000 nd 4= 1.80610 nud4 
=40.92 r9 = 39.3390 d9 = 0.7000nd5 =1.84666nud5 =23.78 r10= 6.3668 d10= 1.0180r11= 21.8104 (aspheric surface) d11 = 
1.3000 nd 6 = 1.69350 nud6=53.21 r12=-13.5364 d12= 0.1500 r13= 38.5671 d13= 0.7000 nd 7 = 1.80518 nud7 =25.42 r14= 
8.0481 d14= (adjustable) r15= 9.5072 d15= 1.8000 nd 8 = 1.48749 nud8 =70.23 r16= -24.4883 d16= (adjustable) r17= infinity 
d17= 0.8000nd 9 = 1.51633 nud9 =64.14 r18= infinity d18= 1.5000 nd 10= 1.54771 nud10=62.84 r19=infinity d19= 0.8000r20= 
infinity d20= 0.7500nd1 1 = 1 .51 633nud1 1=64.14 r21= infinity d21= 1.2108 r22= infinity (image surface) aspheric surface 
multiplier The 2nd page K = 0 A4 =-2.9630 x10-4 A6 = 4.2847 x10-6 A8 =-3.6003 x10-7A10= 0.0000 8th page K = 0 A4 =- 
2.6881 x10-4 A6 = 2.5560 x10-5A8 =-3.5822x10-7 A10= 0.0000 The 11th page K = 0 A4 =-2.1333 x10-3 A6 =-2.4378 x10-4 
A8 = 3.2564 x10-7 A10= 0.0000 Zoom data (infinity) 

WE ST TEf (mm) 4.48846 8.69183 12 90297 FNO 2 5989 3.4016 4.5450omega (degree) 33.4 18.4 12.5d6 14.80359 3.81650 

1.50000d14 2.53628 7.33575 14.91963 d1 6 0.921 731 .86494 0.99412. 

[0120] 

Example 5r1 = 208.2759 d1 = 0.7000 nd 1 = 1.74320 nud1 =49.34 r2 = 4.6930 (aspheric surface) d2 = 2.0000 r3 = 8.5950 d3 = 
1.8000 nd 2 = 1.80518 nud2 =25.42 r4 = 20.6048 d4 = (adjustable) r5 = infinity (diaphragm) d5 = 1.2000 r6 = 4.2440(aspheric 
surface) d6 = 2.0000nd 3 = 1.80610 nud3 =40.92 r7 = infinity d7 = 0.7000 nd 4 = 1.84666 nud4 =23.78r8 = 5.0693d8 = 0.6000r9 
= 24.7066 (aspheric surface) d9 = 1.3000 nd 5 = 1.69350 nud5 =53.21 r10=-10.1759 d10= 0.1500 r1 1=-266.8373 d11= 0.7000 
nd 6 = 1.80100 nud6 =34.97 r12= 14.0737 d12= (adjustable) r1 3=20.4220 d13= 1.8000 nd 7 = 1.48749 nud7 =70.23 r14= - 
14.3628 d14= (adjustable) r15= infinity d15= 0.8000nd 8 = 1.51633 nud8 =64.14 r16= infinityd16= 1.5000 nd 9 = 1.54771 nud9 
=62.84 r17= infinity d17= 0.8000 r18= infinity d18= 0.7500 nd 10= 1.51633 nud10=64.14 r19= infinity d19= 1.2092r20= infinity 
(image surface) The 2nd page of aspheric surface multiplier K = 0 A4 =-1.1214 x10-3 A6 = 3.1893 x10-5 A8 =-4.1833 x10~6 
A10= 0.0000 6th page K = 0 A4 =-1.7255 x10-5 A6 =-4.4178 x10-5 A8 =9.1087 x10-6 A10= 0.0000 The 9th page K = 0 A4 =- 
3.5926x10-3 A6 =-7.1592 x10-5 A8 =-6.8024 x10-5 A10= 0.0000 Zoom data (infinity) 

WE ST TEf (mm) 4.52199 8.69159 12.89618 FNO 2.6728 3.5913 4.5324omega (degree) 33.2 18.1 12.4d4 13.53589 4.62823 

1.50000d12 2.53628 7.65616 12.90171 d14 0.921730.98067 1.00178. 

[0121] 

Example 6r1 = -115.4675 d1 = 0.7000 nd 1 = 1.80610 nud1 =40.92 r2 = 5.0884 (aspheric surface) d2 = 2.4077 r3 = 11.8048 d3 
= 1.5055 nd 2 = 1.84666 nud2 =23.78 r4 = 79.1966 d4 = (adjustable) r5 = infinity (diaphragm) d5 = 1.2000 r6 = 4.9875(aspheric 
surface) d6 = 2.2097nd 3 = 1.80610 nud3 =40.92 r7 = -92.9504 d7 = 0.7000 nd 4 = 1.84666 nud4 =23.78 r8 = 7.0480 d8 = 
1.7157 r9 = 20.4501 (aspheric surface) d9 = 1.4488 nd 5 = 1.69350 nud5 =53.21 r10=-5.4179 d10= 0.2153 r11= -6.0014 d11 = 
1.0000 nd 6 = 1.80100 nud6 =34.97 r12= 56.3492 d12= (adjustable) r13= 12.4691 d13=1.6359 nd 7 = 1.48749 nud7 =70.23 
r14=-24.0279 d14= (adjustable) r15= infinity d15= 0.8000 nd 8 = 1.51633 nud8 =64.14 r16= infinity d16= 1.5000 nd 9 = 1.54771 
nud9 =62.84 r17= infinity d17= 0.8000 r18= infinity d18= 0.7500nd 10= 1.51633 nud10=64.14 r19= infinity d19= 1.1985r20= 
infinity (image surface) The 2nd page of aspheric surface multiplier K = 0 A4 =-1.0638 x10-3 A6 = 2.1 512x10-6A8 =-1.6979 
x10-6A10= 0.0000 6th page K = 0 A4 =-2.6779 x10-4 A6 = 1.4102 x10-6 A8 =-8.0728 x10-7 A10= 0.0000 The 9th page K = 0 
A4 =-2.1523 x10-3 A6 =-8.1365 x10-5A8 =-5.0480 x10~6 A10= 0.0000 Zoom data (infinity) 

WE ST TEf (mm) 4.49939 8.59837 12.79887 FNO 2.6057 3.4199 4.4288omega (degree) 33.2 18.4 12.5d4 14.90728 4.50456 

1.50000d12 2.34564 7.26336 13.74810 d14 0.958501.50353 0.90000. 

[0122] 
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Example 7r1 = -552.0327 d1 = 0.7000 nd 1 = 1.80610 nud1 =40.92 r2 = 4.3477 (aspheric surface) d2 = 1.6776 r3 = 8.2917 d3 = 
1.5233 nd 2 = 1.84666 nud2 =23.78 r4 = 25.4637 d4 = (adjustable) r5 = infinity (diaphragm) d5 = 1.2000 r6 = 4.7104(aspheric 
surface) d6 = 1.9721nd3 = 1.80610 nud3 =40.92 r7 = -33.7287 d7 = 0.7000 nd 4 = 1.84666 nud4 =23.78r8 = 7.9668d8 = 
1.9478r9 = 22.3098 (aspheric surface) d9 = 1.3699 nd 5 = 1.69350 nud5 =53.21 r10=-5.5074 d10= 0.1000 r11=-6.0325 d11 = 
1.0000 nd 6 = 1.80100 nud6 =34.97 r12= 52.7538 d12= Kadjustable)1 3= 15.2026 d13= 1.7414 nd 7 = 1.48749 nud7 =70.23 r14= 
-14.4840 d14= (adjustable) r15= infinity d15= 0.8000 nd 8 = 1.51633 nud8 =64.14 r16= infinity d16= 1.5000 nd 9 = 1.54771 
nud9 =62.84 r17= infinity d17= 0.8000 r18= infinity d18= 0.7500 nd 10= 1.51633 nud10=64.14 r19= infinity d19= 1.2000 r20= 
infinity (image surface) Aspheric surface multiplier The 2nd page K = 0 A4 =-1.4967x10-3 A6 = 1.2766 x10-5 A8 =-5.5780 
x10-6 A10= 0.0000 The 6th page K = 0 A4 =-3.4707 x10-4 A6 = 2.7502 x10-6 A8 =-8.5549 x10-7 A10= 0.0000 The 9th page 
K = 0 A4 =-2.6615 x10-3 A6 =-9.6885 x10-5 A8 =-1.1909 x10-5 A10= 0.0000 Zoom data (infinity) 

WE ST TEf (mm) 4.50002 8.89986 12.79811 FNO 2.6022 3.5568 4.6259omega (degree) 33.1 17.8 12.6d4 10.91791 3.18224 

1.50000d1 2 1.70000 7.41371 14.11791 d14 0.900001 .65812 0.90000. 

[0123] 

Example 8r1 = -34.8037 d1 = 0.7000 nd 1 = 1.80610 nud1 =40.92 r2 = 4.1900 (aspheric surface) d2 = 1.1999 r3 = 8.0659 d3 = 
1.6447 nd 2 = 1.84666 nud2 =23.78 r4 = 48.7210 d4 = (adjustable) r5 = infinity (diaphragm) d5 = 1.2000 r6 = 3.8631 (aspheric 
surface) d6 = 1.7680nd3 = 1.80610 nud3 =40.92 r7 = 62.8242 d7 = 0.7000 nd 4 = 1.84666 nud4 =23.78r8 = 4.5969d8 = 2.3429r9 
= 13.0143 (aspheric surface) d9 = 1.4756 nd 5 = 1.69350 nud5 =53.21 r10=-7.3240 d10= 0.1000 r11=-6.0586 d11= 1.0000 nd 6 
= 1.80100 nud6 =34.97 r12= -25.9560 d12= Kadjustable)1 3= 44.0311 d13= 1.6462 nd 7 = 1.48749 nud7 =70.23 r14= -10.9953 
d14= (adjustable) r15= infinity d15= 0.8000 nd 8 = 1.51633 nud8 =64.14 r16= infinity d16= 1.5000 nd 9 = 1.54771 nud9 =62.84 
r17= infinity d17= 0.8000 r18= infinity d18= 0.7500 nd 10= 1.51633 nud10=64.14 r19= infinity d19= 1.1968 r20= infinity (image 
surface) Aspheric surface multiplier The 2nd page K = 0 A4 =-2.0325x10-3 A6 =-5.3892 x10~6 A8 =-6.1267 x10-6 A10= 
0.0000 The 6th page K = 0 A4 =-7.6210 x10~4 A6 =-2.6462 x10~5 A8 =-4.0575 x10-6 A10=-1.4214 x10-8 The 9th page K= 0 
A4 =-1.9457 x10-3 A6 =-9.6412 x10-5 A8 = 9.3922 x10-7 A10=-3.1543 x10-6 zoom data (infinity) 

WE ST TEf (mm) 4.49848 8.59759 12.79866 FNO 2.6659 3.7467 4.6171omega (degree) 33.2 18.5 12.7d4 10.65871 4.48879 

1.50000d12 1.89640 8.96466 14.27271 d14 1.117600.02771 0.90000. 

[0124] 

Example 9r1 = 354.9584 d1 = 0.7000 nd 1 = 1.80610 nud1 =40.92 r2 = 4.6698 (aspheric surface) d2 = 2.0000 r3 = 9.2747 d3 = 
1.8000 nd 2 = 1.84666 nud2 =23.78 r4 = 29.2897 d4 = (adjustable) r5 = infinity (diaphragm) d5 = 1.2000 r6 = 4.7808(aspheric 
surface) d6 = 2.0000nd3 = 1.80610 nud3 =40.92 r7 = -100.0000 d7 = 0.7000 nd 4 = 1.84666 nud4 =23.78r8 = 7.1229d8 = 
0.9250r9 = 11.1248 d9 = 1.3000 nd5 =1.69350nud5 =53.21 r10= -575.7637 (aspheric surface) d10= 0.1500 r11= 149.0119 d11 = 
0.7000 nd 6 = 1.84666 nud6 =23.78 r12= 16.0252 d12= (adjustable) r13= 18.2359 d13= 1.8000 nd 7 = 1.48749 nud7 =70.23 
r14=-16.5835 d14= (adjustable) r15= infinity d15= 0.8000 nd 8 = 1.51633 nud8 =64.14 r16= infinity d16= 1.5000 nd 9 = 1.54771 
nud9 =62.84 r17= infinity d17= 0.8000 r18= infinity d18= 0.7500nd 10= 1.51633 nud10=64.14 r19= infinity d19= 1.2099 r20= 
infinity (image surface) aspheric surface multiplier The 2nd page K= 0 A4 =-1.1690 x10-3 A6 = 1.7413 x10-5 A8 =-3.7161 
x10-6A10= 0.0000 6th page K = 0 A4 =-8.5856x1 0-5A6 = 1.6399 x10-6 A8 =-4.4906 x10-8 A10= 0.0000 The 10th page K = 0 
A4 = 3.0886 x10-3 A6 = 7.0935 x10-5 A8 = 2.3661 x10-5 A10= 0.0000 Zoom data (infinity) 

WE ST TEf (mm) 4.50424 8.68935 12.89934 FNO 2.6359 3.5740 4.5352omega (degree) 33.3 18.1 12.4d4 13.20936 4.52377 

1.50000d12 2.53628 7.86108 13.31534 d14 0.921730.98683 0.99884. 

[0125] 

Example 10r1 = 84.8334 d1 = 0.7000 nd 1 = 1.74320 nud1 =49.34 r2 = 4.8594 (aspheric surface) d2 = 2.0000 r3 = 9.0964 d3 = 
1.8000 nd 2 = 1.84666 nud2 =23.78 r4 = 18.5606 d4 = (adjustable) r5 = infinity (diaphragm) d5 = 1.2000 r6 = 4.2563(aspheric 
surface) d6 = 2.0000nd3 = 1.80610 nud3 =40.92 r7 = 100.0000 d7 = 0.7000 nd 4 = 1.84666 nud4 =23.78r8 = 6.3678d8 = 
0.4000r9 = -34.3924 d9 = 1.3000 nd5 =1.69350nud5 =53.21 r10= -8.0179 (aspheric surface) d10= 0.3000 r11= -8.3805 d11 = 
0.7000 nd 6 = 1.84666 nud6 =23.78 r12= -21.0856 d12= (adjustable) r13= 14.6488 d13= 1.8000 nd 7 = 1.48749 nud7 =70.23 
r14=-20.2077 d14= (adjustable) r15= infinity d15= 0.8000 nd 8 = 1.51633 nud8 =64.14 r16= infinity d16= 1.5000 nd 9 = 1.54771 
nud9 =62.84 r17= infinity d17= 0.8000 r18= infinity d18= 0.7500nd 10= 1.51633 nud10=64.14 r19= infinity d19= 1.2068 r20= 
infinity (image surface) aspheric surface multiplier The 2nd page K= 0 A4 =-1.0284 x10-3 A6 = 3.3497 x10-5 A8 =-3.4598 
x10-6A10= 0.0000 6th page K = 0 A4 =-5.8749x1 0-5A6 =-9.9305 x10-6 A8 =6.6151 x10-6 A10= 0.0000 The 10th page K = 0 
A4 = 3.5852 x10-3 A6 = 2.6012 x10-4 A8 = 4.5257 x10-5 A10= 0.0000 Zoom data (infinity) 

WE ST TEf (mm) 4.51247 8.69085 12.90169 FNO 2.7040 3.5173 4.5477omega (degree) 33.2 18.1 12.3d4 13.56120 4.06037 
1.50000d1 2 2.53628 6.76140 13.02411 d14 0.921731 .69971 1.00981. 

[0126] The aberration Fig. at the time of the infinite distance object point focus of the above example 1, and photographic 
subject distance the focus of 10cm is shown in ^rawing Jj_ and drawing VI , respectively. In these aberration Figs., (a) shows 
the spherical aberration [ in / a wide angle edge and (b) r and / in (c) / a tele edge ] SA, Astigmatism AS, the distortion 
aberration DT, and the chromatic aberration of magnification CC. [ an intermediate state ] "FIY" expresses image quantity 
among drawing. 

[0127] In addition, the criteria of the amount of deflections of the field and the becoming radius of curvature r of the criteria 
spherical surface are shown as ra of the field (a is a field number) about the aspheric surface indicated in the above- 
mentioned example. 

[0128] Next, Asp21F about the value of condition (1) - (5) and (7) - in each above-mentioned example (17), and conditions 
(6) and Asp2R And the value of L is shown. 

Example 1 2 3 4 5 (1) 1.40795 0.89509 0.91360 1.36378 1.19446 (2) 0.50176 0.69462 0.84327 0.55884 0.52936 (3) 0.02679 
0.01786 0.01786 0.02679 0.02679 (4) 0.10067 0.45293 0.48599 0.05301 0.21846 (5) 35.38000 35.3800035.38000 44.93000 
35.38000 (7) -0.16942 0.05535 0.04515 -0.15390 -0.08862 (8) 0.28050 1.40535 1.35749 0.135340.68642 (9) 0.20624 0.10763 
0.09287 0.18179 0.10714 (10) -0.22380 2.21234 2.06386 0.34032 0.00000 (11) 0.20618 0.91029 0.89705 0.10983 0.39782 (12) 
-0.27479 -0.23868 0.14846-0.44068 0.17419 (13) 1.0 1.0 1.0 1.0 1.0 (14) 0.04 0.04 0.04 0.04 0.04 (15) 0.0 0.0 0.0 0.0 0.0 (16) 
1.06 1.06 1.06 1.06 1.06 (17) 0.333 0.333 0.333 0.333 0.333 (a= 3.0) (a= 3.0) (a= 3.0) (a= 3.0) (a= 3.0) Asp21F -0.00086 - 
0.00377 -0.00393 -0.00055 -0.00159 Asp2R -0.01973 -0.01290-0.01280 -0.03454 -0.02245L 5.6 5.6 5.6 5.6 5.6 . 
Example 6 7 8 9 10 (1) 1.4130 1.6913 1.1900 1.48990 1.49609 (2) 0.10050 0.08851 -0.02852 0.04735 0.03011 (3) 0.03845 
0.01786 0.01786 0.02679 0.05357 (4) 0.11252 0.06773 0.26914 0.11434 0.04250 (5) 35.38000 35.38000 35.38000 46.57000 
46.57000 (7) -0.17120 -0.25687 -0.08674 -0.19676 -0.19874 (8) 0.34339 0.18764 0.87599 0.370050.13448 (9) 0.30638 0.34782 
0.41838 0.16517 0.07143 (10) -0.14892 -0.32727 0.20611 -0.12627 0.10616 (11) 0.22705 0.11962 0.46776 0.20849 0.07773 
(12) -0.31671 0.02420 0.60036 0.04746 -0.15948 (13) 1.0 1.0 1.0 1.0 1.0 (14) 0.04 0.04 0.04 0.04 0.04 (15) 0.0 0.0 0.0 0.0 0.0 
(16) 1.06 1.06 1.06 1.06 1.06 (17) 0.333 0.333 0.333 0.3330.333 (a= 3.0) (a= 3.0) (a= 3.0) (a= 3.0) (a= 3.0) Asp21F -0.00215 - 
0.00276-0.00693 -0.00065 -0.00027Asp2R -0.01929-0.02414-0.01817 0.02770 0.03728 L 5.6 5.6 5.6 5.6 5.6 . 
[0129] In addition, total thickness tLPF of the low pass filter LF of examples 1-10 The three-sheet pile constitutes each 
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from 1.500 (mm). Of course, an above-mentioned example can be variously changed within the limits of configurations of 
having described above, such as constituting for example, the low pass filter LF from one sheet. 

[0130] Here, the diagonal length L and the pixel spacing a of an effective image pick-up side are explained. Drawing. J 4 is 
drawing showing one example of the pixel array of an image sensor, and the pixel ( drawjn^_14 ) of the pixel of R (red), G 
(green), and B (blue) or cyanogen, MAZENDA, yellow, and four colors of Green (green) is allotted in the shape of a mosaic at 
intervals of [ a ] the pixel. An effective image pick-up side means the field within the photo-electric-conversion side on the 
image sensor used for playbacks (the display on a personal computer, printing by the printer, etc.) of the photoed image. The 
effective image pick-up side shown all over drawing is set as the field narrower than all the photo-electric-conversion sides 
of an image sensor to compensate for the engine performance (image circle which the engine performance of optical system 
can secure) of optical system. The diagonal length L of an effective image pick-up side is diagonal length of this effective 
image pick-up side. In addition, although it is good as modification being possible in various image pick-up range used for 
playback of an image, in case the zoom lens of this invention is used for the image pick-up equipment which has such a 
function, the diagonal length L of the effective image pick-up side changes. In such a case, the diagonal length L of the 
effective image pick-up side in this invention is taken as the maximum in the range which L can take. 

[0131] Moreover, about an infrared cut means, there are infrared cut absorption filter IF and an infrared Sharp cut coat, and 
an infrared Sharp cut coat is not absorption but the cut by reflection in the case where an infrared-absorption object 
contains infrared cut absorption filter IF in glass, therefore — said — as carried out, this infrared cut absorption filter IF may 
be removed, a direct infrared Sharp cut coat may be given to a low pass filter LF, and you may give on dummy transparence 
monotonous. 

[0132] As for the near-infrared Sharp cut coat in this case, it is desirable for permeability with a wavelength of 600nm to 
constitute 80% or more, so that permeability with a wavelength of 700nm may become 10% or less. Specifically, they are the 
multilayers which consist of the following lamination of 27 layers. However, design wavelength is 780nm. 
[0133] 

Radical Plate The quality of the material Physical thickness (nm) lambda/4 The 1st 

layer aluminum 203 58.96 0.50 The 2nd layer Ti02 84.19 1.00 The 3rd layer Si02 134.14 1.00 The 4th layer Ti02 84.19 1.00 
The 5th layer Si02 134.14 1.00 The 6th layer Ti02 84.19 The 1.00 7th layer Si02 134.141.00 The 8th layer Ti02 84.19 1.00 
The 9th layer Si02 134.14 The 1.00 10th layer Ti02 84.19 1.00 The 11th layer Si02 134.141.00 The 12th layer Ti02 84.19 
1.00 The 13th layer Si02 134.14 1.00 The 14th layer Ti02 84.19 1.00 The 15th layer Si02 178.41 1.33 The 16th layer Ti02 
101.03 1.21 The 17th layer Si02 167.67 1.25 The 18th layer Ti02 96.821.15 The 19th layer Si02 147.55 1.05 The 20th layer 
Ti02 84.19 1.00 The 21st layer Si02 160.97 1.20 The 22nd layer Ti02 84.19 1.00 The 23rd layer Si02 154.26 1.15 The 24th 

layer Ti02 95.13 1.13 The 25th layer Si02 160.97 1.20 The 26th layer Ti02 99.34 1.18 The 27th layer Si02 87.19 0.65 

sky Mind . 

[0134] The permeability property of the above-mentioned near-infrared Sharp cut coat is as being shown in drawing 15 . 
[0135] Moreover, the color reproduction nature of an electronic image is further raised to the injection side side of a low 
pass filter LF by preparing the color filter which low-** transparency of the color of a short wavelength region as shown in 
drawing 16 , or performing coating. 

[0136] The ratio [ as opposed to the permeability of wavelength with the highest permeability by this filter or coating ] of 
permeability with a wavelength of 420nm is 15% or more on the wavelength of 400nm - 700nm, and, specifically, it is desirable 
that the ratio of permeability with a wavelength of 400nm to the permeability of that highest wavelength is 6% or less. 
[0137] Thereby, the gap with the recognition over the color of human being's eyes and the color of the image picturized and 
reproduced can be reduced. In other words, with human being's vision, degradation of the image by the color by the side of 
the short wavelength which is hard to be recognized being easily recognized by human being's eyes can be prevented. 
[0138] If the ratio of permeability with an above-mentioned wavelength of 400nm exceeds 6%, the wavelength which the 
single wavelength castle which is hard to be recognized by human being's eyes can recognize will be reproduced, conversely, 
if the ratio of permeability with an above-mentioned wavelength of 420nm is smaller than 15%, playback of the wavelength 
castle which human being can recognize will become low, and the balance of a color will worsen. 

[0139] A means to restrict such wavelength takes effect more in the image pick-up system which used the complementary 
color mosaic filter. 

[0140] In each above-mentioned example, as shown in jfcawingjCS , permeability [ in / for the permeability in the wavelength 
of 400nm / 420nm ] is made into coating which becomes peak 100% of permeability in 440nm 90% 0%. 
[0141] By crossing of an operation with the above mentioned near-infrared Sharp cut coat, permeability [ in / for 
permeability / in / for permeability / in / for the permeability in 400nm / 420nm / 600nm / 700nm ] is made into 2% 82% 80% 
0% with a peak of 99% of permeability with a wavelength of 450nm. Thereby more faithful color reproduction is performed. 
[0142] Moreover, whenever [ azimuth / at the time of projection on the image surface ] is using in piles three kinds of filters 
which have a crystallographic axis in a horizontal (= 0 degree) and the direction of **45 degree, respectively in the direction 
of an optical axis, and about each, a low pass filter LF is shifting only SQRT (1/2) x a in amum and the direction of **45 
degree horizontally, respectively, and is performing moire control. Here, SQRT is the square root as mentioned above, and 
means a square root. 

[0143] Moreover, on the image pick-up side I of CCD, cyanogen, MAZENDA, yellow, and the complementary color mosaic 
filter that prepared the color filter of four colors of Green (green) in the shape of a mosaic corresponding to the image pick- 
up pixel are prepared as shown in drawing .1? these four kinds of color filters — each — abbreviation — it is arranged in 
the shape of a mosaic so that it may become the same number, and so that it may not correspond to the color filter of the 
class with the same adjacent pixel. Thereby more faithful color reproduction becomes possible. 

[0144] A complementary color mosaic filter consists of at least four kinds of color filters, as shown in drawing 17 , and 
specifically, it is [ the property of four kinds of the color filter ] desirable that it is as follows. 

[0145] color filter G of Green — wavelength GP a spectrum — a strong peak — having — color filter Ye of yellow 
Wavelength YP a spectrum — a strong peak — having — color filter C of cyanogen — wavelength CP a spectrum — having 
a strong peak, color filter M of MAZENDA has a peak on wavelength MP1 and MP2, and is satisfied with it of the following 
conditions. 

[0146] 2< 640nm of 1< 480nm 580 nm<MP of 510 nm<GP <540nm5 nm<YP-GP <35nm-100 nm<CP-GP <-5nm430 nm<MP 
further On the wavelength of 530nm, it has 80% or more of reinforcement to a strong peak, the color filter of Green, yellow, 
and cyanogen — each spectrum — As for the color filter of MAZENDA, it is more desirable to have 10 to 50% of 
reinforcement on the wavelength of 530nm to the peak of optical reinforcement that much, when raising color reproduction 
nature. 

[0147] An example of each wavelength property in each above-mentioned example is shown in drawing, 18 . color filter G of 
Green — 525nm — a spectrum — it has the strong beak, color filter Ye of yellow 555nm — a spectrum — it has the strong 
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peak, color filter C of cyanogen — 510nm — a spectrum — it has the strong peak. Color filter M of MAZENDA has the peak 
in 445nm and 620nm. moreover, each color filter in 530nm — each spectrum — a strong peak — receiving — G — 99% and 
Ye C is and M may be 38% 97% 95%. 

[0148] In the case of such a complementary filter, the controller (or controller used for a digital camera) which is not 
Illustrated performs the following signal processing electrically, and it is a luminance signal. 
Y=|G+M+Ye+C|x1/4 chrominance signal 

It is changed into the signal of R (red), G (green), and B (blue) through signal processing of R-Y=|(M+Ye)-(G+C)|B-Y=|(M+C)- 
(G+Ye) |. 

[0149] By the way, the arrangement location of the above-mentioned near-infrared Sharp cut coat may be any location on 
an optical path. Moreover, two sheets or at least one sheet does not matter as the number of sheets of a low pass filter LF 
was also described above. 

[0150] Now, the above electronic image pick-up equipments of this invention can especially be used for the photography 
equipment which takes a photograph by forming a body image with a zoom lens and making electronic image sensors, such as 
CCD, receive the image, a digital camera, a video camera and the personal computer that is the example of an information 
processor, a telephone, especially a cellular phone convenient to carry, etc. Below, the operation gestalt is illustrated. 
[0151] .Drawing 19 - draw] -ng .2.1 show the conceptual diagram of a configuration of having built the zoom lens by this 
invention into the photography optical system 41 of a digital camera. It is the sectional view in which the front perspective 
view in which dr awi ng 19 shows the appearance of a digital camera 40, and drawjng;_20 show this back perspective view, and 
drawing 21 shows the configuration of a digital camera 40. If a digital camera 40 presses the shutter 45 arranged in the upper 
part of a camera 40 including the photography optical system 41 which has the optical path 42 for photography, the finder 
optical system 43 which has the optical path 44 for finders, a shutter 45, a flash plate 46, and liquid crystal display monitor 
47 grade in the case of this example, it will be interlocked with and photography will be performed through the zoom lens of 
the photography optical system 41 1. for example, an example. The body image formed of the photography optical system 41 
is formed on the image pick-up side of CCD49 through infrared cut absorption filter IF which comes to give a near-infrared 
cut coat on dummy transparence monotonous, and the optical low pass filter LF. The body image received by this CCD49 is 
displayed on the liquid crystal display monitor 47 formed in the camera tooth back as an electronic image through the 
processing means 51. Moreover, it connects with this processing means 51, and the record means 52 can also record the 
photoed electronic image on it. In addition, this record means 52 may be formed in the processing means 51 and another 
object, and it may be constituted so that a floppy (trademark) disk, memory card, MO, etc. may perform a record store 
electronically. Moreover, you may constitute as a film-based camera which has arranged the silver halide film instead of 
CCD49. 

[0152] Furthermore, on the optical path 44 for finders, the object optical system 53 for finders is arranged. The body image 
formed of this object optical system 53 for finders is formed on the visual field frame 57 of the Porro prism 55 which is an 
image erection member. Behind this polyp rhythm 55, the eyepiece optical system 59 which leads the image made into the 
erect normal image to the observer eyeball E is arranged. In addition, the covering member 50 is arranged at the injection 
side of the eyepiece optical system 59, respectively the incidence side of the photography optical system 41 and the object 
optical system 53 for finders. 

[0153] Thus, the photography optical system 41 is a high variable power ratio in an extensive field angle, aberration is good 
and the constituted digital camera 40 has it, and since it is the big zoom lens of the back focus which can arrange a filter 
etc., it can realize high performance and low cost-ization. [ bright ] 

[0154] In addition, in the example of drawingj?! , although the plane-parallel plate is arranged as a covering member 50, a 
lens with power may be used. 

[0155] The electronic image pick-up equipment which has the zoom lens of the above this invention and it can be 
constituted as follows, for example. 

[0156] [1] The 1st lens group which has negative refractive power in order [ side / body ], and the 2nd lens group which has 
forward refractive power, Consist of the 3rd lens group which has forward refractive power, and the variable power from the 
wide angle edge at the time of an infinite distance object point focus to a tele edge is faced. Said 2nd lens group moves only 
to a body side, and it moves, said 3rd lens group changing spacing with the 2nd lens group. Said 2nd lens group Sequentially 
from a body side, it consists of a positive lens L21, a negative lens L22, a positive lens L23, and a negative lens L24. It is the 
zoom lens characterized by for which lens having the aspheric surface and satisfying the following conditions (1) of the 
positive lens L23 in said 2nd lens group, or a negative lens L24 at least. 
[0157] 

(1) 0.6<R22R/R21F <2.2 however R21F, and R22R It is the radius of curvature on the optical axis of the field by the side of 
the body of the positive lens L21 of the 2nd lens group, and the field by the side of the image of the negative lens L22 of the 
2nd lens group, respectively. 

[0158] [2] The above-mentioned 1 written zoom lens characterized by uniting with the electronic image sensor arranged on 
an image side. 

[0159] In the zoom lens arranged on the image pick-up side side of an electronic image sensor [3] Said zoom lens The 1st 
lens group which has negative refractive power in order [ side / body ], and the 2nd lens group which has forward refractive 
power, Consist of the 3rd lens group which has forward refractive power, and the variable power from the wide angle edge at 
the time of an infinite distance object point focus to a tele edge is faced. Said 2nd lens group moves only to a body side, and 
it moves, said 3rd lens group changing spacing with the 2nd lens group. Said 2nd lens group Sequentially from a body side, it 
consists of a positive lens L21, a negative lens L22, a positive lens L23, and a negative lens L24. It is the zoom lens 
characterized by for which lens having the aspheric surface and satisfying the following conditions (2) of the positive lens 
L23 in said 2nd lens group, or a negative lens L24, (3), and (4) at least. 
[0160] 

(2) 0< (C24F-C23R) and L<1.6 (3) 0.01<d23 / L< 0.2 (4) It corrects -0.4<L/f2R<0.8. C23R =1/R23R, and C24F =1/R24F it is 
— here R23R and R24F, respectively The field by the side of the image of the positive lens L23 of the 2nd lens group, The 
radius of curvature on the optical axis of the field by the side of the body of the negative lens L24 of the 2nd lens group and 
L The diagonal length of the effective image pick-up field (abbreviation rectangle) of an image sensor (mm), Optical-axis 
absentminded mind spacing of the positive lens L23 of the 2nd lens group and a negative lens L24 and f2R of d23 are the 
synthetic focal distances of the positive lens L23 of the 2nd lens group, and a negative lens L24. 

[0161] [4] The zoom lens of one above-mentioned publication characterized by uniting with the electronic image sensor 

arranged on an image side, and satisfying the following conditions (2), (3), and (4). 

[0162] 

(2) 0< (C24F-C23R) and L<1.6 (3) 0.01<d23 / L< 0.2 (4) It corrects -0.4<L/f2R<0.8. C23R =1/R23R, and C24F =1/R24F it is 
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— here R23R and R24F, respectively The field by the side of the image of the positive lens L23 of the 2nd lens group. The 
radius of curvature on the optical axis of the field by the side of the body of the negative lens L24 of the 2nd lens group and 
L The diagonal length of the effective image pick-up field (abbreviation rectangle) of an image sensor (mm). Optical-axis 
absentminded mind spacing of the positive lens L23 of the 2nd lens group and a negative lens L24 and f2R of d23 are the 
synthetic focal distances of the positive lens L23 of the 2nd lens group, and a negative lens L24. 

[0163] [5] The zoom lens of four given in any 1 term from the above 2 characterized by joining the positive lens L21 and 
negative lens L22 of said 2nd lens group. 

[0164] [6] The zoom lens of the above 2-5 characterized by said 2nd lens group satisfying the following conditions (5) given 

in any 1 term. 

[0165] 

(5) 25<nu21-nu22+nu23-nu24<55, however nu21, nu22, nu23 and nu24 are the Abbe numbers (d line standard) of the medium 
of the positive lens L21 of the 2nd lens group, a negative lens L22, a positive lens L23, and a negative lens L24, respectively. 
[0166] [7] The zoom lens of the above 2-6 characterized by any satisfying at least the following conditions (6) of said 
aspheric surface of the positive lens L23 in said 2nd lens group, or a negative lens L24 allotted for any being at least given in 
any 1 term. 

[0167] 

(6) 7.5x10-3 and L>|Asp2R |>|Asp21F| It corrects. Asp21F and Asp2R, respectively The field by the side of the body of a 
positive lens L21, As opposed to the spherical surface which has the radius of curvature on the optical axis of the field of a 
positive lens L23 or a negative lens L24 The height from an optical axis is the diagonal length (mm) of the effective image 
pick-up field (abbreviation rectangle) of an image sensor, and the amount of aspheric surface deflections in 0.3L and L set 
amount Aspof aspheric surface deflections21 F to 0, when the body side face of a positive lens L21 is the spherical surface. 
[0168] [8] The zoom lens of the above 2-7 characterized by satisfying the following conditions (7) given in any 1 term. 
[0169] 

(7) -0.5<(R21F-R22R)/(R21F+R22R) <0.3 however R21F. and R22R It is the radius of curvature on the optical axis of the 
field by the side of the body of the positive lens L21 of the 2nd lens group, and the field by the side of the image of a 
negative lens L22, respectively. 

[0170] [9] The zoom lens of the above 2-8 characterized by satisfying the following conditions (8) and (9) given in any 1 
term. 

[0171] (8) -1<f3/f2R<1.6 (9) It corrects 0.02<d22/L<0.5. f2R and f3, respectively The synthetic focal distance of the positive 

lens L23 of the 2nd lens group, and a negative lens L24, and the focal distance of the 3rd lens group, d22 is spacing of the 

image side face of the negative lens L22 of the 2nd lens group, and the body side face of a positive lens L23, and L is the 

diagonal length (mm) of the effective image pick-up field (abbreviation rectangle) of an image sensor. 

[0172] [10] A zoom lens the above 1 which satisfies the following conditions (10) thru/or given in any 1 term of 9. 

[0173] (10) -1<f2 F/R21R <2.5. however R21R The radius of curvature of the field by the side of the image of the positive 

lens L21 of the 2nd lens group and f2F are the synthetic focal distances of the positive lens L21 of the 2nd lens group, and a 

negative lens L22. 

[0174] [11] It is the zoom lens often given in any 1 term from the above 1 characterized by said 3rd lens group moving to an 
image side by the locus of a convex in case variable power is carried out to a tele edge from a wide angle edge. 
[0175] [12] The zoom lens of 1 1 given in any 1 term from the above 1 characterized by focusing by moving said 3rd lens 
group in accordance with an optical axis. 

[0176] [13] Wide angle edge half field angle omega W Zoom lens of 12 given in any 1 term from the above 1 characterized by 
being in the range of 27 to 42 degrees. 

[0177] [14] Electronic image pick-up equipment characterized by having the zoom lens of 13 given in any 1 term from the 

above 1. 

[0178] 

[Effect of the Invention] The zoom lens which excelled [ thickness / collapsing] in storability thinly, and excelled [ scale 
factor / high ] in the image formation engine performance also in the rear focus by this invention can be obtained, and it 
becomes possible to attain thorough thin shape-ization of a video camera or a digital camera. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

t.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

E.Dna______Q They are the wide angle edge at the time of the infinite distance object point focus of the example 1 of the zoom 

lens used for the electronic image pick-up equipment of this invention (a), an intermediate state (b), and a lens sectional 
view in a tele edge (c). 

[BrQ>ving.2] It is the same lens sectional view as drawing j Q f the zoom lens of an example 2. 

[.Qx'3wjn£„3] It is the same lens sectional view as drawing „j. of the zoom lens of an example 3. 

©.rawing 4] It is the same lens sectional view as drawing J of the zoom lens of an example 4. 

[Prawjn&Jll It is the same lens sectional view as drawing J Q f the zoom lens of an example 5. 

[Drawing 5] It is the same lens sectional view as drawing 1 of the zoom lens of an example 6. 

[Qrawlng 7] It is the same lens sectional view as drawing _J_ of the zoom lens of an example 7. 

[ Drawi ng 8] It is the same lens sectional view as drawing 1 of the zoom lens of an example 8. 

[P.rMyxlni>...?l ^ is the same lens sectional view as drawing j of the zoom lens of an example 9. 

LQr«?.Vy r .[n£..i?I ft ' s the same lens sectional view as drawin^J, of the zoom lens of an example 10. 

L^3W.!Qfi_lll ft ' s an aberration Fig. at the time of the infinite distance object point focus of an example 1 . 

tQ.C%wLn£..12] It is an aberration Fig. at the time of photographic subject distance the focus of 10cm of an example 1. 

LQLawmgJ 3} It is drawing for explaining the definition of the amount of aspheric surface deflections which can set this 

invention. 

[.(^wing 14] It is drawing for explaining the diagonal length of the effective image pick-up side in the case of taking a 
photograph with an electronic image sensor. 

Q^awing_l§l It is drawing showing the permeability property of an example of a near-infrared Sharp cut coat. 

D^t^wiOfeJJfl ft ' s drawing showing the permeability property of an example of a color filter prepared in the injection side side 

of a low pass filter. 

L.Q/iaw[0g'..i.7.J ft ' s drawing showing color filter arrangement of a complementary color mosaic filter. 
[Drawing 18] It is drawing showing an example of the wavelength property of a complementary color mosaic filter. 
[ Draw ing 19] It is the front perspective view showing the appearance of the digital camera incorporating the zoom lens by 
this invention. 

[Qr5wing 20] It is the back perspective view of the digital camera of drawing ,19 . 

iQl^yjh\K.Zll It is the sectional view of the digital camera of drawing .19 . 

[Description of Notations] 

G1 — The 1st lens group 

G2 — The 2nd lens group 

G3 — The 3rd lens group 

S — Aperture diaphragm 

IF — Infrared cut absorption filter 

LF — Low pass filter 

CG — Cover glass 

I — Image surface 

E — Observer eyeball 

40 — Digital camera 

41 — Photography optical system 

42 — Optical path for photography 

43 — Finder optical system 

44 — Optical path for finders 

45 — Shutter 

46 — Flash plate 

47 — Liquid crystal display monitor 

49 — CCD 

50 — Covering member 

51 — Processing means 

52 — Record means 

53 — Object optical system for finders 
55 — Porro prism 

57 — Visual field frame 

59 — Eyepiece optical system 
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DRAWINGS 
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[0 0 7 3] ft:fc\ *^(DX-Al/yX|t Afttt* 
[0 0 7 4] 2 7° <cow<4 2° CO^ftOTRI^ 



2 7° *a*.T£6ft«^IBAds*<ft5 4:s JRSHfTiEi 
tt*Wteft»* % ftffittftit:A*i?0PMTttft<ft 
5o _bPS|l04 2° *«;t5^ SfHuKS, 

[0075] wc, 7>f/^-«sr»<rs#^oi^ 

AltUftv^ 5le— 3eoflt^<D*)5#*H»iR7>f — 
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5m<t*z>m£*\ wfcew»*as*>*. x-Ai/yxi 

COSi®^ ( x eoo ) £5 8 0 %£A_h> 7 0 0 n mTNOSa 
*(troo) &B%&T<Oj&0fiH>is + —7*y h^-h 
^rSA-T^^. K42*>f 7\fc9 t> 7 0 0 nmfiUb^iS* 

K<ft9. «fi*f^^7>f;^-i|ft5CCD*© 
[0 0 7 6] 

(13) x eoo X sso = 0 . 8 

(14) X TOO x sso ^ 0 . 0 8 

n m"CG0iSj&^"C 

[0 0 7 7] **5. *# (1 3) s (1 4) <0flWtj&>*> 

[00 78] (13) ' teoo/reso ^0. 85 
(14) ' X TOO x sso ^ 0 . 0 5 
SSfete, *# (13), (14) 

[0 0 7 9] (13) " x eoo X SSO = U . » 

(14) " X TOO X SSO = 0 . 0 3 

CCD«0HffiHMHF4>t 5 loo^Att, £X*tt 
<Dfc^5 5 0 nm^*hf--5«*36SAIH^I«^«t^J: 9 

0 0 nm"C<Z)igjg^ ( x 400 ) D 5 5 0 n m"C<7)-^r^t 
(xsso) IC^H^&tt^O. 0 8&TIU9, 4 4 0nm 
TOSig^ (t44o ) O 5 5 0 n m-C<D^*L ( x sso ) 

[0 0 8 0] -j-fctefc, 

(15) X 400 / t 8 SO SO. 08 

(16) X 44 O X SSO = u . 

[008 1] fc*5, £#(15). (16) *>W*t*»fc 

[0 0 8 2] (15) ' X 400 X sso <0. 0 6 
(16) ' X 440 / x sso ^ 0 . 5 

*# (15) , (16) OfiT^*>SV>f4W* 

[0 0 8 3] (15) " X 400 / x SSO ^ 0 . 0 4 
(16) " X 440 X SSO ^ 0 . 6 



[0 0 8 4] — JSn Htft^/l^-OiR^ -rrOSi§* 
aufcA'*— ©KS^?>, JDSfe^/l'*— fr# CCD kit 

/M!CCD«:tefljLfci:#<D* y y h 
t> 5 — 7 ^ — -?*> 5 W o — 7 j /u 9 — 
fcov>Tt>, toWtLPF (mm) *«T<Oft#«:i(l 

[0 0 8 5] 

(17) 0. 15<tLPp/a<0. 45 

*>9. 5 /xmJ^TT*^-5o 
[0 0 8 6] tfc»J«r«K"r *^fto-^7 

(=0° ) £±4 5° »Wfc**t^*Utt»»«r*i"S 3 

/inu ±4 5° *|pJ«C-ttt«^*tSQRT(l/2) * a /* mfctt 

fix /l-t [1 + 2 *SQRT(l/2) ] *a/5. 8 8 (m 
m) i:fte o :Ct% SQRTIl^^xr/l'-ht^!) 

[0 0 8 7] ±E£Jl^7>f/^-fi:» x Mx.«2«cS 
fa*6V^ttlft-Cjtllrt-«»*t*»T. £# (17) 

^icft^o fc*ru i*b*rsoti-a»*oao*#tt5 

/imJ^T"C$>6o 

[0 0 8 8] a^4/imHT4f), * 9 BWfOl{»«r* 
(17) ' 0. 13<tLP P /a<0. 42 

[0089] *fc. 7k¥mmv*y^hnfrz> 

[0 0 9 0] (17) " 0. 3< t LPF /a<0. 4 

fcfcU 3ftlia^4Sa<5 ( M m) <DtZ. 
0. 2< tipp /a <0. 2 8 

fc£U 2ftfiia ; ei>o4ga<5 ( M m) ©t#, 
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0. 1< ti^ /a < 0. 16 
fcfcU lft^o4^a<5 (pirn) <Db%, 
0. 2 5< Ilpf /a <0. 3 7 
fcfcU 3#fi*a;^Oa<4 (/xm) <D£#. 
0. 16<t L Pp/a<0. 25 
fcfcU 2*$:fiia^Oa<4 Urn) 
0. 0 8< t w /a <0. 14 
fcfcTU lftWo a <4 (/xm) <D£# 0 
[0 0 9 1] HJBif j/^O/hSftmT-JWfcm^Srtt^r 

£^3 u^Xi^^gt^fr^^i^vXffico^cDfprtt^co 
£ -C«BDBRA^W«i-r 5 C **-e# SttTfMfcgtt t b 

4>*SJ:lr\ *>£^f±* a (Mm) /F-*->v<— <0. 4 

* 5 J: 5 F ffi K tt a -T 5 ft & * <5 J: 5 ®5 £ H 

[0 0 9 2] -t^>**^BBPSr-t*t^eixaS:F« 
iwMitMUT/h^< Ufet<7)lCbT»^.T*5#. ND7 

ci — ✓ ^ ^ /v- * — £ §| p I n Att T *3 < <D -e fc J: V \ 

S<lR5eUT^<o 
[0 0 9 3] 

iokm 1-10 <Dmm&®&&MM<D&ftffi 

(a) , +W«ffi (b) , (c) TOl/^XiB 

ISSr^rtb^Ol— ^1 0t^-r o SRiuvX 
^teGl, J&*ms, #2 i^X«WG2, $3l/yX 
8M1G3, *^-/ hRJR:7>f/W— f*I F, pw>^ 

3^X7* 4>\,*-\ FfctotT* SW¥t£<E>A 

t)^^U y^^^^/p^ — LFiCiSg^ifi^v'^ — 
XX;^ h=- hSrlfiUTt J:i\ 
[0 0 9 4] tk1tm\<r>x— Au^Xii, la l l-^-r J; 



9 MHfl^U^X^ x ^ftrfiO^tfi^iE^^X^XU^ 

^EH*f^<D^2 u^XgfG2. MOiEuv'Xltt^b 
*5jEJB*t*0»3 U^X«G3^feft!). 
8E««^«»-r*JR«t, ^1 u>-XPGl«^ft:MiwIlfl 

frffisiw^tbb, is 3 \s^xmGznfemm\^&<D®m* 

6 0 iS^<0»^f*:JC7^-^^v^-refc«>^, !R3 

u >x»g 3 riteflcffln^ift k> mtstiZo 

[0 0 9 5] ffi 1 U>-X»G 1 OWBOA 

X(0ft®flJ^)® N $2i/yX»G2(D^i/yX^{t: 

[0096] HJfrW 2 (OX— A U^Xji, 0 2 IC^T* 

WBMH^X^ WMuv-X^fefc^Hflr 

^^^7^ u:^X£ WWK!jl;i£b<7)^;rf ^^^x u>-X<£)^ 
^u>-X^ % r^ajEu>-Xi: x ^Cfl^^^X^^^^^ 
?Em$Tt><D%2. u^XS¥G2. WiQjEu^XHJt*>fe* 
SEIJf^^i 3 yyX»G 3 ^5)4 1) > i&tf»»bfl 

4 5. »2.w^X»G2ll§BpjRt» Si:-ftl:«ift:ll: 

»»u * 3 u>«xs¥g 3 MkmM\z&mTz><, i&vm 

[0 0 9 7] ^3*Mfi. ^l uyX«Gioi^i/y 
[0 0 9 8] Hj66^3(OX— Ai^yXii, 0 3^-TJ: 

#wiz&<oa*-x*xi' vx t ^ e> * jEm$rt) <om 

2U>-X|¥G2, HfljEu^Xl«c^e>*5lEJB»f*<0 
*3i/yX*G3H49, **«a>&sa«fc:*ffiFi- 
6^fi, m 1 i^>-X8¥G 1 tt®*«^Dfl^>tl|j»Sr«SV^T 
»»U ^«fcJKfl*-Cttl»rai^fi[«J!ift9. 121/ 
y«G2f4Mp«D st-#i:»#««»U 13 
l^yXSG3|j:@S*C$)5o ifi®tO*9<*lC7^~* 

[00 9 9] ^3*B<i> Jfl l yy yXpG 1 COMDQA 
X(O^Mfi!j(D®, fB 2 u^X|¥G 2 (Dg^wyX^ft 
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[0 1 0 0] ^3&#l4(DX-AU^Xtt x 

i/yx^^4^i^^ii u^x^Gi, ffip^ 
S2u >-x»g 2 «§a p ft i9 s t -m^voftwizmh 

[0101] *«ffif4. SfSl U^XpG 1 c/)feft:^l(oA 

[0 10 2]MW5OX-Al/yXfl 0 5(^tJ: 

i¥Gl. HBPi&t>S x t0j5fIEU^X^5p[UI^UVXoS 
^^VX^ ffltfbJEu^X^ WnflAi^X£a*&fc5 
jEJB«Mj<&* 2 UVXS^G 2 x pfflEU^Xlft^feft 

3t»^*fflp-r**tt, SB i ^yx8G i »«»«KcDao 

Bl£ft9« ^2 U^X»G2f*JllPtt9 Si-#fc»# 
«K:»«iU S3i/yX8G3fiWII^Bf5o 55 

SG 3 ttttftflllClk 19 U S *t5. 
[0 10 3] ##Bf*. mi WyX»Gl^>^ 
au^XiOfajBMiDjB* ^2 w^XS¥G2<7>^'&u>X 
OWMoBx i^t£}iiEU'>'X<^fett:ig!jCD®0 3®{Cffil> 

[0 10 4] mifcM6<DX— AU^Xli, H6t!l^i-J: 

X&^e>ft«*JB*fAoflli uyXSGl, HBP&9 
s. ^iEu^x^Miyi^ix^xo^^i/vx^, jaji& 

iEl^^X^ x WDfl«U>'Xt^e>*5iE®*f*^)»2 U 
VX»G2, HfiEuvXl«c^e>ft6iEJB«r*^j|i3 
^X»G3W4!l, ztA«^6flBS«lc«#-t-SBR 
tt. « 1 u^X«G 1 tl«#fll^Da<0|U»«:ttv>T9tt 

yX»G2ttffip«>) S^-flc|^*«l^iU »3 
UVX»G3f±^#ffl^i£],^«l|J»*»^T^lbU SiS 



[0105] *3*ffifi % SB 1 U^XSSG 1 OPTIMA 
Xoftffii^I, 121/ VXS¥G 2 U i/X(Ofeft: 

[0 10 6] lesmoX-Au^Xf*, 0 

s N t^an^^x^MiHiA^^xoft^u^x^, 

yX»G2, MMl/yXlft^t)*eES^^*3 
i/^Xl*G3*>ib&tK Afttt*>&S&ttlc4^i-*Ht 
HU *1 U^X»Glfl*#«fcIfflO*W*»V^T»» 

u aaffl-c«:jeA«j: s> «#fli^«^« o . sb 2 u 
i-yx«G 3 n&ftwizdh<o®m$:ffib ^xmh u ass 

-X/v^^-TSfctottl. IB3U^X»G3tt«»*«^j|» 

[0107] #SfcBtt. SB 1 l^^XSG 1 <Z>WDfl* f V 
X<D|feB{B!lOB. *2 U->-X»G2<Og^U-^X<D4&fls: 
W^ffi. i^aEuvX<7)^(*:^l!jO®(D3ffiic:ffiV^^tvT 

[0 10 8] 3l;fe0H8c7)X— Ai/yxii, ^8i^-r<fc 

Xi^feftSAJBSrA^am^^^Gl, iP^!) 

^^^xyyx^i^yx^ m&JEis^Xb. & 

2yyx»G2, MfljEu^xi*(t^e,*-5]EJB*f*o 
*3i/yX»G3^649, ttftJft^&flBmicXflrr 
^1 uyXllG l ttMMIWMftil^t 
WkU aBt*-Cf*JKMJ: 9 MMlottBlcft 13 . SB 
2 U^XpG2(iHPJK!9 St— Wcttfl:fl»C3gP»U 
S3 uyX»G 3tt«K«ltCia^(U»SrJS^-C»»U 

&mz7*~*is>'jr'rZ1t*>\^ M3U^X|¥G3fi 

[oio9] #*Bf± x mi u^^mo\(omm^\y^ 

[0 1 10] il«l9(OX-^yyXit ®9tc^-TJ: 

<oiE*~xx*is>xtfabtez>ikm$Tt)<Dmi u^x 
»GK ^PJR!9S. aj^Eu-^xt^iyiAu^xcogi 
^i^^xt. pHbjEu^xfc. ^fidi-aoA^-^^ 
^i/yXi:^p)/j;5jEfflt^2i/yX#G2 N «di 
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#9. £ft«a>&^tti£S«-r<5Bf** fgiuvxg* 
&v s t-mzto#mz»m*. »3i/yx8G3«« 

[0111] *3*ffif4. ft l i/yXBG l tfvft;* ~*;t/ 
<D$)ft:G!|£>ffi, M£iIE^^XcD^Mffii)(7)®CD3®l^fflV> 
[0 112] gMMl 0OX-AI/yX(l, HI Ot^ 

VX^ftWcft?):^ ^^X7^ U>-X<7}g^U>X 
G2. HfiiJEu^Xitfc*>e,*6jEH»r*^JB3 I^VX 

i u^x»Gi^ftwcDflo«y»srjffi^T»ttu a 

MtUt:MJ:9Mllo|ttl:t^ S2 ui/XP 
i*G 3 tt»ft«lCia<D(W»«:»VN-C»»U a»*-c«t 





1 




r i = 


-102. 7129 


di = 


r 2 = 


5.3602 


d 2 = 


r 3 = 


11.4378 


d 3 = 


r 4 = 


98. 3090 


d 4 = 


r s = 




ds = 


r e = 


4.9724 m»m) 


de = 


r t = 


-64. 0363 


dr = 


r s = 


7. 0009 


de = 


r o = 


15.2680 


do = 


r io= 


-12. 7034 


d io= 


r n= 


91. 7989 


dn= 


r 12= 


8. 2347 


d 12= 


r 13= 


11.7154 


d 13= 


r 14= 


-20. 5935 


di4= 


r i6= 


oo 


dlB= 


r 10= 


oo 


die= 


r 17= 


oo 


dir= 


r is= 


oo 


d ie= 


r 19= 


oo 


d ib= 


r 20= 


oo mm) 








m 






K 


= 0 




A 4 


=-9.1908 xicr 4 




Ae 


= 1.0097 X1(T 6 




Ae 


=-1.5014 Xl(T e 





[oii3] f&mn* mi ^yxsfGi^y-^ 
[0114] sir\^ ±&&mmm<o]&m?T-**m-r 

FwottF-*-^-, WEttJtfcW. ST«c4»ra«iBs T 
EttflBMk ri,.r a -tt*U^XBffO«*4Mfi, d 
i > d 2 •"li^U-VX^raoWPB. nai> n*a— 

[0115] x= (y 2 /r) / [1+ {1- (K + 
1) (y/r) 2 } 1/2 ] +A 4 y 4 +Aey° +A e y 8 + 
Aioy 10 

fc«U r f±3EE*«**«, K(SR«t«Sc, A*. Ae. 
Ae. Aio tt*JV?*L43c* 6#U 8fc, 10RW|»S 

[0 116] 

0. 7000 nai =1.80610 v dl =40.92 
2. 0000 

1.8000 n<i2 =1.84666 v a 2 =23.78 

WW 

1. 2000 

2. 0000 n as =1. 80610 v a 3 =40. 92 

0. 7000 n a 4 =1. 84666 v a* =23. 78 

1. 1549 

1. 3000 n as =1. 69350 v as =53. 21 
0. 1500 

0. 7000 n ae =1. 80100 v ae =34. 97 

WW 

1. 8000 n ar =1. 48749 v ar =70. 23 
(WW 

0. 8000 n ae =1. 51633 v as =64. 14 

1. 5000 n d9 =1. 54771 v a* =62. 84 
0. 8000 

0. 7500 naio=l. 51633 v aio=64. 14 

1. 2097 
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Aio= 0.0000 
K = 0 

A 4 =-1.4735 XHT 4 
As = 1.6281 XKT* 
As =-7. 9774 X 10" 7 
Aio= 0. 0000 
191 
K = 0 

A 4 =-2.0216 XHT* 
Ae =-1.8880 XMT* 
As = 9. 7090 X 10~ e 



Aio= 0.0000 



[0 117] 





WE 




ST 




TE 




f (mm) 


4. 50523 




8. 68872 




12. 89933 




Fno 


2. 6065 




3. 5812 




4. 3925 




CO (° ) 


33.2 




18. 1 




12.4 




d 4 


15. 98285 




5. 88144 




1. 50000 




d 12 


2. 53628 




8. 66957 




13. 53479 






0. 92173 




0. 42989 




0. 99810 


















r i = 


-40. 0207 


dl = 


0. 7000 


n di 


=1.80610 vai 


=40. 92 


r 2 = 


4.8393 


d 2 = 


2. 7104 








r 3 = 


14. 6390 


d 3 = 


1. 5606 


n <i2 


=1.84666 Vd 2 


=23. 78 


r 4 = - 


100. 9877 


d 4 = 










r s = 


co 0R0) 


ds = 


1. 2000 








r e = 


4.5526 (^®) 


de = 


1. 8758 


n as 


=1.80610 v a3 


=40. 92 


r 7 = 


15. 8025 


d-r = 


0. 9429 


n <** 


=1.84666 va 4 


=23. 78 


r s = 


4. 0750 


ds = 


0. 6028 








r & = 


7.1659 mmm) 


ds = 


1. 8221 


n as 


=1.69350 vas 


=53. 21 


r io= 


-8. 0623 


d io= 


0. 1000 








r n= 


oo 


dn= 


1. 0000 


n ae 


=1.80100 Vas 


=34. 97 


r 12= 


6. 7380 


d 12= 


(TO 








r 13= 


13. 4670 


d 13= 


1.6540 


n d7 


=1.48749 v d 7 


=70. 23 


r 14= 


-21.9112 


du= 


<*r» 








r i8= 


oo 


dis= 


0. 8000 


n as 


=1.51633 vas 


=64. 14 


r ie= 


oo 


d ie= 


1. 5000 


n as 


=1.54771 vas 


=62. 84 


r 17= 


oo 


d 17= 


0. 8000 








r i6= 


oo 


d is = 


0. 7500 


n aio=l. 51633 v aio=64. 14 


r io= 


oo 


d 19= 


1. 2000 









r 20= oo (4£fg) 

I2ffi 
K = 0 

U =-1.6364 X10" 3 
As = 1. 1356 X10" s 
As =-2.5627 Xl0" e 
Aio= 0. 0000 
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mem 

K = 0 

A 4 =-3. 9899 X 10" 4 
Ao =-2.2843 X10 _S 
As =-1.2585 X10~° 
Aio=-9.0236 X10"° 

K = 0 

A« =-1.7288 X10" 3 

Ao = 4.6545 X10 -6 

As =-3.7671 Xl(T e 

Aio= 3.6071 X10" T 



[0 118] 





WE 




f (mm) 


4. 20000 




Fno 


2. 4980 




a> C ) 


35.2 




cU 


14. 39292 




d iz 


1.90425 




dl 4 


1. 56049 




2U60H3 




r i = 


-41. 7871 


d i = 


r 2 = 


4.8061 


d 2 = 


r 3 = 


11.7830 


d 3 = 


r 4 = 


498. 8711 


d 4 = 


r s = 




ds = 


r e = 


4.4711 (#3*®) 


de = 


r r = 


16. 1235 


d 7 = 


r s = 


4. 0848 


ds = 


r © = 


6.1325 


d© = 


r io= 


-11. 1687 


d io= 


r n= 


16. 3851 


dn= 


r 12= 


4. 8782 


d 12= 


r 13= 


17. 5725 


d 13= 


r 14= 


-13. 0293 


du= 


r i5= 


oo 


di B = 


r i6= 


oo 


d i8= 


r 17= 


oo 


dir= 


r is = 


oo 


d is= 


r i©= 


oo 


d i©= 


r 20= 










K 


= 0 




A 4 


=-1.5240 X10" 3 




As 


= 7. 1028 X10" e 




As 


=-2.5635 X10 _e 





Aio= 0.0000 

mem 



ST TE 

8. 59999 12. 80032 

3. 5636 4. 6676 
18. 3 12. 4 

4. 31686 1. 50000 
8. 66884 15. 45557 
1. 52138 0. 90000 



0. 7000 nai =1.80610 v ai =40.92 
2. 1538 

1. 5885 n *2 =1. 84666 v a2 =23. 78 

(»T2E) 

1. 2000 

1.8148 n<*3 =1.80610 v* 3 =40.92 

0. 8513 n a* =1. 84666 v a 4 =23. 78 

0. 5201 

1. 6063 n as =1. 69350 v as =53. 21 

0. 1000 

1. 0000 n as =1. 80100 v as =34. 97 
(*J3>) 

1.7579 nar =1.48749 var =70.23 
0. 9000 

0. 8000 n as =1. 51633 v as =64. 14 

1. 5000 n a© =1. 54771 v a© =62. 84 
0. 8000 

0. 7500 naio=l. 51633 v aio=64. 14 

1. 2001 
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K = 0 

A 4 =-4. 1354 X 1<T 4 
Ae =-2.4486 X10"° 
Aa =-1.4312 XlO" e 
Aio= 3.7941 Xl(T e 
^9® 
K = 0 

A 4 =-1.7166 X1(T 3 
Ae = 5.3328 X10~ B 
As =-4.9514 X10" 6 
A lo =-5.3554 XlO _e 
X-A^-* (oo) 



[0 119] 





WE 




ST 




TE 






f (mm) 


4. 20005 




8. 60008 




12. 80003 




Fno 


2.6418 




3. 7743 




4. 8647 






o> C ) 


35.2 




18.3 




12.5 






d 4 


13. 62386 




4. 39163 




1. 50000 




d 12 


2. 13358 




8. 33646 




14. 25744 


o 


















r i = 


27. 0909 


di = 


0. 7000 


n <ji 


=1. 80610 


V dl 


=40. 92 


r 2 = 


6.6293 (&&ffi) 


d 2 = 


1. 8000 










r 3 = 


144. 3405 


d 3 = 


0. 7000 


n d2 


=1. 80100 


V d2 


=34. 97 


r 4 = 


8. 3285 


d 4 = 


0. 8000 










r a = 


9. 3403 


ds = 


1. 8000 


n as 


=1. 80518 


V d3 


=25. 42 


r o = - 


172. 3059 


de = 


(pT3E) 










r t = 


oo «R9) 


dr = 


1. 2000 










r e = 


4.6685 (&&m 


ds = 


2. 0000 


n 44 


=1. 80610 


V d4 


=40. 92 


r © = 


39. 3390 


da = 


0. 7000 


n as 


=1. 84666 


v as 


=23. 78 


r io= 


6. 3668 


d io= 


1. 0180 










r n= 


21.8104 (#&ffi) 


dn= 


1. 3000 


n ae 


=1. 69350 


V de 


=53. 21 


r 12= 


-13. 5364 


d 12= 


0. 1500 










r 13= 


38. 5671 


dl3= 


0. 7000 


n d7 


=1. 80518 


V d7 


=25. 42 


r 14= 


8. 0481 


dl4= 












r is= 


9. 5072 


dis= 


1. 8000 


n ds 


=1. 48749 


V dS 


=70. 23 


r ie= 


-24. 4883 


d ie= 












r 17= 


CO 


dir= 


0. 8000 


ri d9 


=1. 51633 


V d9 


=64. 14 


r i8= 


oo 


d ie= 


1. 5000 


n d io=l. 54771 


v dio=62. 84 


r 19= 


oo 


d 19= 


0. 8000 










r 20= 


oo 


d 20= 


0. 7500 


nan=l. 51633 


v dn=64. 14 


r 21= 


oo 


d 2i = 


1.2108 











r 22= oo Of£g) 
K = 0 

A 4 =-2.9630 X10" 4 
Ae = 4.2847 X10"° 
As =-3. 6003 X 10~ T 
Aio= 0.0000 
S8I 



( 14 ) 

#1200 3-1 0 73 5 1 (P 2003-107351 A) 



[0 12 0] 



K = 
U = 

Ae = 

As = 
Aio= 

mi 

K = 
A 4 = 
Ae = 
As = 
Aio= 



0 

-2.6881 X 
2. 5560 X 
-3.5822 X 
= 0. 0000 

im 

' 0 

-2.1333 X 
-2.4378 X 
3.2564 X 
0. 0000 
(oo) 



10~ 4 
10"* 
10~ T 



10~ 3 
10" 4 
10~ 7 





WE 




ST 




TE 




f (mm) 


4. 48846 




8. 69183 




12. 90297 




Fko 


2. 5989 




3. 4016 




4. 5450 




CO (° ) 


33.4 




18.4 




12.5 




de 


14. 80359 




3. 81650 




1. 50000 




d 


2. 53628 




7. 33575 




14. 91963 




die 


0. 92173 




1. 86494 




0. 99412 


















r i = 


208. 2759 


dl = 


0. 7000 


n ai 


=1.74320 vai 


=49.34 


r 2 = 


4.6930 (^Sfc®) 


d 2 = 


2. 0000 








r 3 = 


8. 5950 


d 3 = 


1. 8000 


n d2 


=1.80518 V42 


=25. 42 


r 4 = 


20. 6048 


d 4 = 


W» 








r s = 


00 OK 9) 


d 5 = 


1. 2000 








r e = 


4.2440 omo 


de = 


2. 0000 


n 43 


=1.80610 v d3 


=40. 92 


r 7 = 


CO 


d 7 = 


0. 7000 


n 44 


=1.84666 v d 4 


=23. 78 


r s = 


5. 0693 


ds = 


0. 6000 








r a = 


24.7066 (**ffi) 


d 9 = 


1. 3000 


n as 


=1.69350 vas 


=53. 21 


r 10= 


-10. 1759 


d 10= 


0. 1500 








r n= - 


-266. 8373 


dn= 


0. 7000 


nae 


=1.80100 vae 


=34. 97 


r 12= 


14. 0737 


d i2 = 










r 13= 


20. 4220 


di3= 


1. 8000 


n d7 


=1.48749 var 


=70. 23 


r 14= 


-14. 3628 


d 14= 










r 16= 


00 


die= 


0. 8000 


n as 


=1.51633 vas 


=64. 14 


r i8= 


00 


die= 


1. 5000 


n as 


=1.54771 vas 


=62. 84 


r 17= 


CO 


dir= 


0. 8000 








r is= 


CO 


d i8= 


0. 7500 


n aio=l. 51633 v aio=64. 14 


r 19= 


CO 


d i8= 


1. 2092 









r 20= 00 (fStlfl) 

fSS2® 
K = 0 

A 4 =-1. 1214 X10" 3 
Ae = 3. 1893 X10" s 
As =-4. 1833 X 10" e 
Aio= 0. 0000 
% 6 BD 
K = 0 



( 15 ) 

#M2 00 3-1 0 7 3 5 1 (P 2003-107351 A) 

A 4 =-1.7255 X10"* 
As =-4.4178 X10" B 
As = 9. 1087 X10 _e 
Aio= 0. 0000 
S9® 
K = 0 

A 4 =-3.5926 X10~ 3 
As =-7. 1592 X10" e 
As =-6.8024 XIO"* 



Aio= 0.0000 
X-A:r-* (oo) 



[0 12 1] 







WE 




ST 




TE 




f (mm) 




4. 52199 




8. 69159 




12. 89618 




F NO 




2. 6728 




3. 5913 




4. 5324 




CO (° ) 




33.2 




18.1 




12.4 




cu 




13. 53589 




4. 62823 




1. 50000 




d 12 




2. 53628 




7. 65616 




12. 90171 




di4 




0. 92173 




0. 98067 




1.00178 




















r i = - 


115. 4675 




di = 


0. 7000 


n di 


=1.80610 vai 


=40. 92 


r z = 


5. 0884 




d 2 = 


2. 4077 








r 3 = 


11.8048 




d 3 = 


1.5055 


n d2 


=1.84666 Vd2 


=23. 78 


r 4 = 


79. 1966 




d 4 = 










r s = 




d s = 


1. 2000 








r e = 


4. 9875 




de = 


2. 2097 


n d3 


=1.80610 vd 3 


=40. 92 


r t = 


-92. 9504 




dr = 


0. 7000 


n d4 


=1.84666 va4 


=23. 78 


r s = 


7. 0480 




ds = 


1.7157 








r © = 


20. 4501 


(**B) 


d* = 


1.4488 


n as 


=1.69350 vas 


=53. 21 


r io= 


-5. 4179 




d io= 


0. 2153 








r n= 


-6. 0014 




dn= 


1. 0000 


n de 


=1.80100 vas 


=34. 97 


r 12= 


56. 3492 




d 12= 


(pTK) 








r 13= 


12. 4691 




d 13= 


1. 6359 


n d7 


=1.48749 var 


=70. 23 


r 14= 


-24. 0279 




d i4 = 










r is= 


oo 




dis= 


0. 8000 


n as 


=1.51633 vas 


=64. 14 


r ie= 


oo 




die= 


1.5000 


nao 


=1.54771 v a9 


=62.84 


r i7= 


oo 




dir= 


0. 8000 








r is= 


oo 




dis= 


0. 7500 


n aio=l. 51633 v aio=64. 14 


r 19= 


oo 




d 19= 


1. 1985 









r 2 o= <~ (jSlffi) 

fg2® 
K = 0 

A 4 =-1.0638 X10" 3 
As = 2. 1512 X10"° 
As =-1.6979 XKT 6 
Aio= 0.0000 

K = 0 

A 4 =-2.6779 X10" 4 



( 16 ) 

12 00 3-1 0 7 3 5 1 (P 2 0 0 3- 1 0 7 3 5 1 A) 



[0 12 2] 



Ae = 1.4102 X10"° 
As =-8. 0728 X 10" 7 
Aio= 0. 0000 
!f§9® 
K = 0 

A 4 =-2. 1523 X10" 3 
Ae =-8. 1365 X10" B 
As =-5. 0480 X 10" e 
Aio= 0. 0000 
X-Ay*— * (oo) 





WE 




ST 




TE 




f (mm) 


4. 49939 




8. 59837 




12. 79887 




Fno 


2. 6057 




3. 4199 




4. 4288 




CO (° ) 


33.2 




18.4 




12.5 




d 4 


14. 90728 




4. 50456 




1. 50000 




d 12 


2. 34564 




7. 26336 




13. 74810 




du 


0. 95850 




1. 50353 




0. 90000 


o 
















r i = - 


552. 0327 


di = 


0. 7000 


n di 


=1.80610 vai 


=40. 92 


r 2 = 


4.3477 


d 2 = 


1. 6776 








r a = 


8. 2917 


d 3 = 


1. 5233 


n d2 


=1.84666 Vd2 


=23. 78 


r 4 = 


25. 4637 


d 4 = 


(*r» 








r s = 


oo GRQ) 


d e = 


1. 2000 








r e = 


4.7104 (&mm 


de = 


1. 9721 


n d3 


=1.80610 Vd3 


=40. 92 


r t = 


-33. 7287 


dr = 


0. 7000 


n d4 


=1.84666 v d4 


=23. 78 


r 8 = 


7. 9668 


ds = 


1. 9478 








r 9 = 


22.3098 (#3*ffi) 


d 9 = 


1. 3699 


n as 


=1.69350 vas 


=53. 21 


r io= 


-5. 5074 


d io= 


0. 1000 








r n= 


-6; 0325 


dn= 


1. 0000 


n de 


=1.80100 vae 


=34. 97 


r 12= 


52. 7538 


d 12= 










r 13= 


15. 2026 


d 13= 


1. 7414 


n d7 


=1.48749 v<,7 


=70. 23 


r i4= 


-14. 4840 


di4= 


ro» 








r i5= 


oo 


dlB= 


0. 8000 


n ds 


=1.51633 v d8 


=64. 14 


r ie= 


oo 


dl6= 


1. 5000 


n d9 


=1.54771 Vd9 


=62. 84 


r 17= 


oo 


dir= 


0. 8000 








r is= 


oo 


d i8= 


0. 7500 


n aio=l. 51633 v aio=64. 14 


r 19= 


oo 


d 19= 


1.2000 








r 20= 


oo mm) 












mm** 













»2i 
K = 0 

A 4 =-1. 4967 X 10" 
Ae = 1.2766 X10" 
A 8 =-5. 5780 X 10" 
Aio= 0. 0000 

mem 

K = 0 

A 4 =-3. 4707 X 10" 
Aa = 2. 7502 X 10" 



( 17 ) 

#M2 0 0 3- 1 0 7 3 5 1 (P2003-107351A) 

A 8 =-8. 5549 X 1(T 7 
Aio= 0. 0000 

K = 0 

A 4 =-2. 6615 X 10" 3 
Ao =-9. 6885 X 10~ 6 
Ae =-1. 1909 XlO~ e 
Aio= 0.0000 
X-iv^-* (oo) 



[0 12 3] 





WE 




ST 




TE 




f (mm) 


4. 50002 




8. 89986 




12. 79811 




F MO 


2. 6022 




3. 5568 




4. 6259 




a> (° ) 


33. 1 




17.8 




12.6 




d« 


10.91791 




3. 18224 




1. 50000 




d 12 


1. 70000 




7. 41371 




14. 11791 




d 14 


0. 90000 




1. 65812 




0. 90000 


o 
















r i = 


-34. 8037 


di = 


0. 7000 


n di 


=1.80610 vdi 


=40. 92 


r 2 = 


4.1900 


d 2 = 


1. 1999 








r 3 = 


8. 0659 


d 3 = 


1.6447 


n d2 


=1.84666 Vd2 


=23. 78 


r 4 = 


48. 7210 


d 4 = 










r s = 




ds = 


1. 2000 








r e = 


3.8631 (#3*®) 


de = 


1. 7680 


n d3 


=1.80610 v<i 3 


=40. 92 


r t = 


62. 8242 


dr = 


0. 7000 


n d4 


=1.84666 v d4 


=23. 78 


r e = 


4. 5969 


da = 


2. 3429 








r 9 = 


i3.oi43 mmm) 


d 9 = 


1. 4756 


n de 


=1.69350 VdB 


=53. 21 


r io= 


-7. 3240 


d io= 


0. 1000 








r n= 


-6. 0586 


dn= 


1. 0000 


n ae 


=1.80100 vae 


=34. 97 


r 12= 


-25. 9560 


d 12= 










r 13= 


44. 0311 


d 13= 


1. 6462 


n d7 


=1.48749 var 


=70. 23 


r 14= 


-10. 9953 


di 4 = 


OWE) 








r is= 


oo 


di*= 


0. 8000 


n as 


=1.51633 Vae 


=64. 14 


r i8= 


oo 


die= 


1.5000 


n d9 


=1.54771 Vd9 


=62.84 


r 17= 


oo 


dir= 


0. 8000 








r is= 


oo 


dis= 


0. 7500 


n aio=l. 51633 v aio=64. 14 


r 19= 


oo 


d 19= 


1. 1968 









r 20= oo 



121 



K = 


0 




A* =-2. 0325 


X10" 3 


Ae =-5.3892 


X10" 6 


Ae =" 


-6. 1267 


X10~° 


Aio= 


0. 0000 




me\ 


S 




K = 


0 




A 4 =- 


-7. 6210 


X10 -4 



Ae =-2. 6462 X 10~ s 



Ae =-4. 0575 X 10"° 



( 18 ) 

#112 00 3-1 0 7 35 1 (P 2003-107351 A) 

Aio=-1.4214 X10 -8 
K = 0 

U =-1.9457 X10' 3 
Ae =-9.6412 X10"° 
Ae = 9. 3922 X 10" 7 
Aio=~3. 1543 X10" 6 
X-Av 5 -* (oo) 



[0 12 4] 





WE 




ST 




TE 




f (mm) 


4. 49848 




8. 59759 




12. 79866 




F NO 


2. 6659 




3. 7467 




4. 6171 




a> C ) 


33.2 




18.5 




12.7 






10. 65871 




4. 48879 




1. 50000 




d 12 


1. 89640 




8. 96466 




14. 27271 




d 14 


1. 11760 




0. 02771 




0. 90000 


o 
















r i = 


354. 9584 


di = 


0. 7000 


n di 


=1.80610 vai 


=40. 92 


r z = 


4.6698 


d 2 = 


2. 0000 








r 3 = 


9. 2747 


da = 


1. 8000 


n d2 


=1.84666 va 2 


=23. 78 


r 4 = 


29. 2897 


d 4 = 


<T«£) 








r s = 




d e = 


1. 2000 








r e = 


4.7808 


d« = 


2. 0000 


n d3 


=1.80610 v d3 


=40. 92 


r t = - 


100. 0000 


dr = 


0. 7000 


n U4 


=1.84666 v« 


=23. 78 


r s = 


7. 1229 


d 8 = 


0. 9250 








r o = 


11.1248 


d 9 = 


1. 3000 


n as 


=1.69350 v d6 


=53. 21 


r io= - 


-575.7637 (#3*®) 


d io= 


0. 1500 








r n= 


149.0119 


dn= 


0. 7000 


n ae 


=1.84666 vae 


=23. 78 


r 12= 


16. 0252 


d 12= 


(wao 








r 13= 


18. 2359 


di3= 


1. 8000 


n «jt 


=1.48749 v d7 


=70. 23 


r 14= 


-16. 5835 


dl4= 


0*80 








r is= 


oo 


dis= 


0. 8000 


n ae 


=1.51633 Vae 


=64. 14 


r i6= 


CO 


d ie = 


1. 5000 


n 49 


=1.54771 va 9 


=62. 84 


r i7= 


oo 


d 17= 


0. 8000 








r i8= 


oo 


d is= 


0. 7500 


n aio=l. 51633 v aio=64. 14 


r 19= 


oo 


d i9= 


1. 2099 









r 20 = °° (<£E) 



S2B 




K = 0 




A* =-1. 1690 


X10~ 3 


Ae = 1. 7413 


X10 -8 


As =-3. 7161 


X10~ e 


Aio= 0.0000 








K = 0 




A* =-8. 5856 


X10" B 


Ae = 1. 6399 


xur e 


Ae =-4. 4906 


XKT 8 


Aio= 0.0000 





( 19 ) 

#11200 3-1 07 3 5 1 (P2003-107351A) 



[0 12 5] 



mi oft 

K = 0 

A 4 = 3. 0886 X 10~ 3 
Ae = 7.0935 X10~ 6 
Aa = 2.3661 X10 _s 
Aio= 0.0000 
X-A^-* (oo) 



f (mm) 

Fno 
g> C ) 
d 4 
d 12 
du 

mmmi o 



WE 
4. 50424 
2. 6359 

33.3 

13. 20936 
2. 53628 
0. 92173 



K = 0 

U =-1.0284 X10~ 3 
A e = 3.3497 X10 _B 
A e =-3.4598 X10 -6 
Aio= 0.0000 
$61 
K = 0 

A 4 =-5.8749 X10" 6 
A 6 =-9. 9305 X 10"° 
Ae = 6.6151 X10~° 
Aio= 0. 0000 

mi om 



ST 

8. 68935 

3. 5740 
18. 1 

4. 52377 
7. 86108 
0. 98683 



r i = 


84. 8334 


di = 


0. 7000 


r 2 = 


4.8594 m&m 


d 2 = 


2. 0000 


r 3 = 


9. 0964 


d 3 = 


1. 8000 


r 4 = 


18. 5606 


d 4 = 


ows) 


r s = 




da = 


1.2000 


re = 


4.2563 (m»m) 


de = 


2. 0000 


r r = 


100. 0000 


dr = 


0. 7000 


r e = 


6. 3678 


de = 


0. 4000 


r & = 


-34. 3924 


d* = 


1. 3000 


r io= 


-8.0179 (&&m 


d io= 


0. 3000 


r n= 


-8. 3805 


dn= 


0. 7000 


r 12= 


-21. 0856 


d i2= 




r 13= 


14. 6488 


di3= 


1.8000 


r 14= 


-20. 2077 


di 4 = 


OWE) 


r is= 


oo 


di S = 


0. 8000 


r ie= 


oo 


d ie= 


1. 5000 


r it= 


oo 


dir= 


0. 8000 


r i8= 


oo 


d i8= 


0. 7500 


r i9= 


oo 


d i9= 


1. 2068 


r 20= 


oo (4fcB) 







TE 

12. 89934 
4. 5352 

12.4 
1. 50000 

13. 31534 
0. 99884 



nai =1.74320 Vdi =49.34 
n «2 =1. 84666 v a 2 =23. 78 



rids =1.80610 Vd3 =40.92 

n d4 =1. 84666 v a 4 =23. 78 

nas =1.69350 v as =53.21 

nae =1.84666 v ae =23.78 

naT =1.48749 v ar =70.23 

nae =1.51633 vae =64.14 

na 9 =1.54771 vaa =62.84 

n aio=l. 51633 v aio=64. 14 



( 20 ) 

4#K§2 0 0 3- 1 0 7 3 5 1 (P 2003-107351 A) 



K = 0 

A 4 = 3.5852 X10" 3 
Ae = 2.6012 X10" 4 
As = 4.5257 X10 -6 
Aio= 0.0000 
-A7 — 9 (00) 



(mm) 



WE 
4. 51247 
2. 7040 
33.2 

13. 56120 
2. 53628 
0. 92173 



f 

P NO 

a> (° ) 
d 4 
d 12 

[0126] a ±<Dmmm 1 o*Rjt*A*i»wxtw* 

^ttSStl 10c m-fr«»OJR*H«r*ivPixH 1UB 
12{C^-T 0 CftfeOJRSHK&^T, (a) fij££ 
flk (b) tt+NHKIR. (c) Mtaac«l^rtSMtfBiK 
iSA, ^'jftlRttAS. IttiDT, «F*felRJSCC 



ST TE 

8. 69085 12. 90169 

3. 5173 4. 5477 
18. 1 12. 3 

4. 06037 1. 50000 
6.76140 13.02411 
1. 69971 1. 00981 

[0 12 7] Ji«B*Jfiffil1'"CM^Ufc#*ffifco 

r 1&*:<omV) r« (a^3n#^-) tLt^t-C$>6 0 
[0 12 8] ±IB#Hlfi«ICfert-5*fl= (1) - 

(5) % (7) - (1 7) Offi, (6) tcBS-TSAs 

p21Fx Asp2R S:t/LC0<i[$:^-rp 





1 


2 


3 


4 


5 


(1) 


1. 40795 


0. 89509 


0. 91360 


1. 36378 


1. 19446 


(2) 


0. 50176 


0. 69462 


0. 84327 


0. 55884 


0. 52936 


(3) 


0. 02679 


0. 01786 


0. 01786 


0. 02679 


0. 02679 


(4) 


0. 10067 


0. 45293 


0. 48599 


0. 05301 


0. 21846 


(5) 


35. 38000 


35. 38000 


35. 38000 


44. 93000 


35. 38000 


(7) 


-0. 16942 


0. 05535 


0. 04515 


-0. 15390 


-0. 08862 


(8) 


0. 28050 


1.40535 


1. 35749 


0. 13534 


0. 68642 


(9) 


0. 20624 


0. 10763 


0. 09287 


0. 18179 


0. 10714 


(10) 


-0. 22380 


2. 21234 


2. 06386 


0. 34032 


0. 00000 


(11) 


0. 20618 


0. 91029 


0. 89705 


0. 10983 


0. 39782 


(12) 


-0. 27479 


-0. 23868 


0. 14846 


-0. 44068 


0. 17419 


(13) 


1.0 


1.0 


1.0 


1.0 


1.0 


(14) 


0. 04 


0. 04 


0.04 


0.04 


0. 04 


(15) 


0.0 


0.0 


0.0 


0.0 


0.0 


(16) 


1. 06 


1.06 


1.06 


1.06 


1.06 


(17) 


0. 333 


0. 333 


0. 333 


0. 333 


0. 333 




(a=3. 0) 


(a=3. 0) 


(a=3. 0) 


(a=3. 0) 


(a=3. 0) 


Asp2lF 


-0. 00086 


-0. 00377 


"0. 00393 


-0. 00055 


-0. 00159 


Asp2R 


-0. 01973 


-0. 01290 


-0. 01280 


-0. 03454 


-0. 02245 


L 


5.6 


5.6 


5.6 


5.6 


5.6 





6 


7 


8 


9 


1 0 


(i) 


1. 4130 


1.6913 


1. 1900 


1.48990 


1.49609 


(2) 


0. 10050 


0. 08851 


-0. 02852 


0. 04735 


0. 03011 


(3) 


0. 03845 


0. 01786 


0. 01786 


0. 02679 


0. 05357 


(4) 


0. 11252 


0. 06773 


0. 26914 


0.11434 
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